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in This Issue 


ELECTROMAGNETS. Sure. anybody can design an elec- 
tromagnet of sorts. But how many can do it and have it 
come out right on the button for developed force at the 
desired stroke for the available power source, and keep 
it to a reasonable size without it getting too hot while 
doing its job? Maybe you think it’s a job for the experts. 
but that isn’t necessarily so. M. Raymond Alexy had to 
start from scratch designing electromagnets for aircraft 
electronic equipment at RCA. Fortunately, he didn’t know 
that short cuts and simplifications are risky. So he devel- 
oped a design method, based on experience and observa- 
tion, that is as simple as it is elegant. He shares it with 
us beginning on page 90. He also cautions that the electro- 
magnets we design need not look anything like the samples 
he illustrates and not to worry if they are different. And 
to top it off he works out a typical design problem. 


IMMERSED LAMINATES. We ve always known (as who 
doesn’t?) that there are refinements in reactions among 
people when subjected to various degrees of exposure 
(internal and external) to moisture of diverse type. Lam- 
inates, believe us, are at least as equally sensitive, al- 
though tests (too bad for the testers!) are usually lim- 
ited to effects of distilled water and seawater. What 
happens to some Navy grades of laminates when subjected 
to humidity and water immersion is told this month by 
one of those indefatigable research teams at the Material 
Laboratory, New York Naval Shipyard. 


Graphs, 
tables, and all the other evidence on page 106. 


HUMAN ENGINEERING FOR MAINTENANCE, The ap- 
plication of human-engineering principles to design of 
reliable equipment is by now generally recognized. For 
instance, out of 71 items in a “Bibliography on Reliabil- 
ity” in the May 1955 Electronic Applications Reliability 
Review, published by RETMA’s Engineering Department, 
22 items are on human engineering. But in appraising 
the human factors in design, it is not enough to consider 
only the operator of the equipment; it is essential to 
consider the maintenance technician. Equipment that may 
seem entirely reliable in the design and even prototype 
stage may come a bad cropper under service conditions 
that require maintenance. The problem may be particu- 
larly acute where maintenance qualifications are limited in 
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number or skills or both. These relationships between 
reliability, maintenance and human engineering are ex- 
plored by E. S. Bean and W. E. Woodson from a back- 
ground of much specialized work in this field at the U. S. 
Navy Electronics Laboratory’s Human Factors Division, 
San Diego, Calif. See page 100. 

And a P. S. on human engineering: Our own staff 
article, “Human Engineering in Control Systems.” March 
1954 issue, by Alex. E. Javitz, received an honorable 
mention award for “best original staff research” in the 
annual /ndustrial Marketing competition. 


THERMAL MIDDLE ROAD. Over a long pull, thermal 
stability for an insulating material is most critical for 
what we might term the “middle road” of operating tem- 
peratures, say, 130 C to 160 C. The development and 
availability of several newer types of resins (particularly 
the polyesters, silicones and epoxies) have enabled the 
research chemists to formulate composite materials with 
significantly improved properties in this range of oper- 
ations. Two new magnetic wire enamels, one an epoxy- 
modified polyester, and the other a_ silicone-modified 
polyester, developed at the Westinghouse Research Lab- 
oratory, give promise of ability to operate for a period 
of 10 years at continuous temperatures of 135 C and 155 
C respectively. See page 120 for detailed data. 


RERATED CRANE MOTORS. Now that the rerating pro- 
eram on general-purpose squirrel-cage induction motors 
is well established, to one of our readers (and contribu- 
tors) it seemed an opportune time to encourage discus- 
sions as to what might be done to reduce the size of 
definite-purpose motors, particularly short-time rated ma- 
chines such as crane and hoist motors. This engineer’s 
viewpoint is unique in that he is responsible for motor 
design but works for a manufacturer of cranes. Also he 
has a background in are welding machines (essentially 
M-G sets). His work in establishing duty cycle ratings 
of such equipment suggests to him a similar approach 
on rerating hoist motors. He thinks that ratings based 
on 30-min and 60-min operation do not reflect actual 
requirements. As a basis for redesign he relates the type 
of enclosure and of cooling to typical duty cycles (page 
143). Does anyone want to take on from here? 


ELECTRICAL MANUFACTURING 
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TRACER CONTROLS. Although we are skeptical as to 
whether or not the name does honor to the womanhood 
of France, we have long recognized the utility of the 
French Curve. Many times, this handy tool has helped 
us convert a doubtful array of pencil marks into an au- 
thoritative graph or a streamlined parts drawing. Since 
it does have this drafting-room connection with the shape 
of complex parts, we thought it appropriate to feature 
the French curve as an element in this month’s cover 
illustration. There, it is serving as a templet for the stylus 
of a tracer control system for machine tools of various 
types. 

Also shown on the cover is the Onsrud A-72 C Profile 
and Skin Mill Machine. The three cutting heads of this 
595-ton, $300,000 milling machine are tracer controlled. 
Modern jet planes require solid wing sections rather than 
the built-up components of older aircraft. With machines 
such as this, spars and skins can be fashioned automati- 
cally from solid slabs of aluminum. 

After reading thus far, your appetite is whetted for 
more detailed information on how the circuits of a tracer 
control work. Inquisitiveness leads the engineer to his 
chosen profession. So, we can’t imagine you standing idly 
by watching the gyrations of a tracer-controlled tool and 
simply chalking it up to magic. 

But even if curiosity isn’t enough, there are more com- 
pelling reasons for you to study the article, “Contouring 
Machine with Tracer Control” beginning on page 135. 
This describes the control circuits for an Ex-Cell-O ma- 
chine, which tracer-wise bears some resemblance to the 
Onsrud equipment on the cover (both use G-E controls). 
The more compelling reasons are: (1) You might want 
to make a speech on automation sometime; (2) Your boss 
might someday ask you how a tracer works; (3) And 
really the most important reason of all, you’ll learn some 
new concepts in circuit design. 
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WIRING HARNESS PRACTICES. To tie the square knot, 
run the cord end over the cord length and through the 
loop thus formed, pull tight, then... .. .. . Sounds 
elementary? Yet the difference between the free end going 
over the loop or under can mean the difference between 
a square knot or a granny—and the difference between 
a good harness tieing job and a sloppy one. 

A good harness doesn’t begin and end with the method 
of tieing, however. Wiring and cabling should not cross 
sockets or those openings which permit access to adjust- 
ments, or interfere with normal operation of equipment 
or......... well, before we blurt out the whole 
story right in “In This Issue” suppose you start right 
at the beginning on page 128. 


MODULAR PLUG-INS. We know quickly what happens 
when a piece of electronic equipment fails; either the 
entire unit is inoperative, or some particular function is 
moribund. But it needs a good deal of time and skilled 
work to determine why the equipment fails, what com- 
ponent parts or subassemblies are at fault, and how re- 
pairs can be made. On shipboard this problem is ag- 
gravated by problems of space and logistics. A modular 
system of plug-in subassembly packages that can be re- 
paired while the equipment is returned to operation with 
a replacement thus seems a logical solution. You can 
read about just such a system in the article by Robert 
H. Harwood, U. S. Navy Electronics Laboratory, be- 
ginning on page 124. 


RELAYS AND TUBES. In some fields of application the 
relay is losing out to the electron tube because of the 
tube’s much higher sensitivity. However, the long familiar 
electromechanical relay is still unmatched for flexibility 
of connections and multiplicity of circuits. At the present 
stage of development, it seems that neither the tube nor 
the relay will displace the other. So, as the old political 
adage has it, if you can’t beat “em, join “em. Relays and 
tubes are joined in a single unit to obtain the advantages 
of both. A. Leen of Thomas A. Edison, Incorporated, 
discusses some basic circuits on page 114. 


WELL DONE? . . . MEDIUM? . . . RARE? Time was 
when the only cooking appliance in the kitchen was a 
good old-fashioned wood-burning stove. However, the 
perils (and conveniences) of modern living have led to 
electric broilers, rotisseries, roasters, roaster-ovens, ovens, 
etc. Pity the poor appliance engineer. He should have 
taken a course in home economics instead of that power 
option. To find out how and why aluminum was used 
for the structural components of a new broiler—or is it 
rotisserie?—-see page 146. Credit the distaff side of the 
office staff for an assist on this one. 
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More Basic Research 
by Government Urged 


Increased government expenditures for 


basic research are strongly recom- 


mended by the Hoover Commission 


(Commission on Organization of the 
Executive Branch of the Government). 
Although the Commission’s current re- 
port to Congress, “Research and Devel- 
opment in the Government.” describes 
our government R&D program as “the 
largest integrated scientific and tech- 
nical endeavor that any nation has ever 
attempted.” the basic research effort is 
deemed inadequate. Reversing its usual 
cost-slashing position, the Commission 
makes a clearcut recommendation that 
the level of basic research be 
cantly increased.” 


“signifi- 


Here are some facts: For the fiscal 
year starting July 1, expected govern- 
ment outlays for R&D will reach some 


$2.4 billion. Of this amount, only some 
5 per cent. or $130 million will go into 
basic research. The three armed forces 
will spend only a portion of this. In the 
fiscal year 1954-55, the military ex- 
pended only $20 million for basic re- 
search. 

The 50-page report examines closely 
the various programs in the Department 
of Defense and other government agen- 
cies, with particular attention to the 
military. Some 15 specific recommenda- 
tions are made. Among these, is one 
calling for higher levels for compensa- 
tion of civil service professional em- 
ployees, to be made more nearly com- 
petitive with industry. Also, the number 
of high-level civil service positions 
should be materially increased. 

Copies of the complete report may be 
obtained from the Superintendent of 
Documents, Washington 25, D. C.. at 


10¢ each. 





Glass-fiber paper close-up; magnification x 6600: National Bureau of Standards scien- 
tists have improved their techniques for making glass-fiber paper. Intersections of the 
fibers shown in the electron micrograph to the left, reveal small quantities of a gelatinous 
binder that serves to increase the strength of the paper as compared to an earlier type. 
(EM 8-51/94) This binder is formed by the addition of sulfuric acid to a pH of 3.4 during 
the paper-making process. Micrograph to the right shows that when the glass fibers are 
acidified to a greater pH than 3.5 (acid decreased), no gelatinous layer is formed. 
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Encapsulation by 
Electrodeposition 


Electrodeposition provides a novel 
method for encapsulation of electronic 
component parts that have electrically 
As described by 
Erik G. Linden and Pierre Townsend 
of the Signal Corps Engineering Lab- 
oratories at the recent Symposium on 
Electronic 


conductive surfaces. 


Materials and Components 
(Philadelphia, June 2 and 3), the steps 
are as follows: 

1. The part is placed in an unglazed 
porous porcelain cell containing poly- 
vinylidine chloride latex. 

2. This cell in turn is placed in a 
glass vessel that contains a 4 per cent 
NaCl solution. 

3. By connecting a 2- to 6-volt d-c 
source to a nickel electrode in the NaCl 
solution and to the part being encapsu- 
lated, an electrophoretic deposition of 
the vinyl resin is formed on the surface 
of the part. 


Design for 
Human Factors 


By means of a specially designed ex- 
perimental computer and associated ap- 
paratus, developed at Battelle Memorial 
Institute for the Psychology Department, 
Army Medical Research Laboratory, the 
human factors in the operation of com- 
plex military equipment can be criti- 
cally studied and evaluated. Data from 
these studies will be utilized by various 
(Army agencies in the design of weapons 
systems in terms of human capabilities 
and limitations. 

Such 


weapons are 


tasks as aiming of 
simulated by a 


complex 
bright, 
moving dot on a 21-in. tube oscilloscope. 
system that in- 
cludes timing and counting devices is 
utilized to vary the simulated conditions 
and target patterns, so that they range 


An elaborate control 
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The rotor is the very heart of any electric motor, and the Baltric Motor contains the heart of 
a champion. Advanced engineering and improved techniques mark the entire Baltric 


line of completely enclosed motors which have achieved a rotor with 
less noise .. . better balance. 


The new Baltric Motor is designed and built to attain the utmost in stamina and 
performance with less bulk and less weight. Baltric Motors can be engineered 
to meet your special mechanical and electrical requirements. Remember ... 
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from static to dynamic, from simple to 
complex. A paper-tape recording device 
provides a graphic record of the per- 
formance of each subject. Army psy- 
chologists are interested in more than 
determining the static accuracy of the 
subject, which is primarily related only 
to simple aiming tasks. The record of 
test results will show how well the sub- 
ject was able to follow a moving target, 
how often he was on the target, when he 
was off the target, and how far off. 


Porcelain Enamel 
for Aluminum 


Development work in porcelain enam- 
els for aluminum surfaces is active on 
several fronts. Latest entry in this field 
is the Minnesota Mining and Manufac- 
turing Company with an experimental 
nontoxic, chemically resistant vitreous 
frit for such enamels. A wide range of 
product applications is seen, including 
appliances. 

Enamels made with the lead-free 3M 
frit are said not to flake or chip when 
cut or sawed; gloss is retained under 
adverse weathering conditions; abrasion 
resistance is good; corrosion resistance 
is imparted to the base aluminum sur- 
face. The enamels can be applied by 
spray or dip methods and can be made 
in a variety of colors. Density is rela- 
tively low, thus providing application 
economy. Material is now available in 
pilot-plant lots for evaluation purposes. 


Ultra Hi-Fi 
Stethoscope 


Complete with diamond stylus and 
highly sensitive transducer, a new car- 
diographic device (Electro Stetho- 
graph) developed jointly by General 
Motors Research Laboratories and the 
Medical College of South Carolina is 
able to pick up subaudible signals in 
frequencies as low as 1 cps emanating 
from chest-wall vibrations produced by 
the heart’s pumping action. Vibrations 
of this order of frequency represent the 
greater’ portion of the total, but cannot 
be picked up through the conventional 
stethoscope. 

This device is used in conjunction 
with an oscilloscope or a suitable direct- 
writing recorder to provide a transient 
visual pattern or permanent record of 
the patient’s heart action. It is seen as 
offering a valuable corollary diagnostic 
tool when used in conjunction with the 
electrocardiograph and the phonocar- 
diograph. The former detects electrical 
impulses produced by the heart muscle; 
the latter detects heart sounds in the 
normal audible range. The Electro 
Stethograph is said to be simple to 
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manufacture and easy to operate. 

Background Note: The signal pickup 
has been adopted from GM’s Surfagage, 
an instrument used in machine shops 
and on assembly lines to measure rough- 
ness of highly machined automotive 
parts. Imperfections as small as 1 micro- 
inch can be detected. 


Nuclear Reactor 
Components 


Titled “Components and Services for 
Nuclear Reactor Systems,” a 4-page 
bulletin from General Electric’s Atomic 
Power Equipment Department strikes a 
novel note in manufacturers’ literature. 

Before long, such bulletins may be 
fairly commonplace. But as of today, 
just in reading this listing, there is a 
certain opening of design vistas. Here 
are cooling-system primary components, 
such as special electromagnetic pumps, 
valves, and flow meters: remote han- 
dling equipment such as_ general- 
purpose manipulators (complete with 
amplidyne control); and reactor con- 
trol systems such as special preampli- 
fiers, power level amplifiers, drives and 
safety devices. 


Pure and 
Strong 


Breaking strengths approaching 1,000.- 
000 psi (give and take a few thousand) 
are obtainable from “pure” iron as 
developed experimentally at the West- 
inghouse Research Laboratories. Pure 
iron crystals (known as “whiskers” to 
their intimates) have been obtained in 
“unprecedented” size, about 2 in. long 
and 1 mil thick. Crystals made in pre- 
vious attempts have been microscopi- 
cally small. Theoretically, Westinghouse 
scientists say, pure iron should exhibit 
fantastic properties, such as the ulti- 
mate breaking strength already men- 
tioned. 

Here is how the pure iron whisker is 
grown: Highly purified iron chloride is 
heated to about 1100 F in a hydrogen 
atmosphere inside a special furnace. 
Both temperature and hydrogen flow 
are rigidly controlled so that the chem- 
ical union of the chlorine and hydrogen 
atoms proceeds at a certain precise rate. 
The liberated iron atoms migrate slowly 
toward each other, attaching themselves 
to each other to form perfect crystals. 
each exactly square in cross section. 


Silicone Alloys 
for Microwave Lens 


Improved additions to its family of 
silicone-bearing resin alloys were an- 
nounced by the Delaware Research and 
Development Corp., Wilmington, at the 
recent Symposium on Electronic Mate- 
rials and Components (Philadelphia, 
June 2 and 3). The first of these alloys, 


comprising dimethyl silicone and an 
impact-resistant styrene copolymer, 
were described at the 1954 Conference 
on Electrical Insulation. (EM 12-54/70) 
The new compositions are said to ex- 
hibit a five-fold improvement in mois- 
ture resistance and a three-fold improve- 
ment in loss tangent. Specifically, water 
absorption is of the order of 0.06 per 
cent in 24 hr against 0.30 per cent; loss 
tangent at 100 mc is 0.0009 against 
0.003. Dielectric constant is about the 
same, 2.48 against 2.54. 

The improved alloys are indicated for 
use in various insulation and radome 
applications owing to the good electrical 
properties combined with rigidity and 
the ease of molding and machining. 
Cost is said to be low. An interesting 
application is for bifocal lens in micro- 
wave antenna systems. A 20-deg lens 
has been designed and built at Naval 
Research Laboratory, Microwave An- 
tenna and Components Branch. Accord- 
ing to the Delaware Research report. 
the calculated loss through the lens at 
34.900 me, based upon a dielectric con- 
stant of 2.50, a loss tangent of 0.001 
and a thickness of 2.28 in., for one way 
transmissions, is approximately 14 db. 


Reguarda 
Interlingua 


If you are able to read scientific or 
technical material in any one of the 
major European languages. you should 
be able to read “Interlingua,” the up- 
and-coming proposed international me- 
dium for the written communication of 
scientific information. Structurally, In- 
terlingua is built on words that are com- 
mon to these languages. It operates with 
a minimum of grammatical factors. 

Originally sponsored by the “Science 
Service” in 1951, the proposed universal 
language of science has steadily gained 
adherents in this country and abroad. 
In an interesting experiment, Stanford 
Research Institute has published a spe- 
cial 8-page edition of its March 1955 
news bulletin, Research for Industry, 
written entirely in Interlingua. (Copies 
on request from SRI, while available.) 

If you want to translate some Inter- 
lingua back into English (Brooklynese 
included) try this reference in the SRI 
bulletin to a widely publicized scientific 
development of 1954: 


Le batteria solar a silicium que 
esseva demonstrate per le Labora- 
torios Telephonic Bell es un fonte 
de energia photoelectric. Su effi- 
cacia es de 8 pro cento lo que es 
possibilement a duplar per disve- 
loppamentos futur. 


Wasn't it easy? 


—A. E. J. 


ELECTRICAL MANUFACTURING 


JULY 1955 





New Influences in Appliance Design 


We ARE IN THE MIDST of a major design up- 
heaval in kitchen appliances comparable to 
the advent of the automatic clothes washer 
in the laundry. The built-in range was intro- 
duced some four years ago by one of the 
smaller producers. It was not until January 
of this year, however, that the built-in idea 
reached explosive proportions and brought all 
the major electric range producers into the 
picture. In effect, the electric range has been 
split in two, with the oven placed in the wall 
and the surface units in the kitchen counter 
top. Shelf type refrigerators are being 
mounted close to the ceiling in line with con- 
ventional kitchen cabinets. The automatic 
dish-washer was largely built-in from its in- 
ception. 

Will the built-ins displace so-called “monu- 
mental” types of floor units? Probably not, 
just as we still have wringer-type washers, 
but they will offer a challenge to designers 
of units that stand on their own feet and will 
bring in a number of new design problems in 
themselves. Technical problems of thermal 
insulation (ELECTRICAL MANUFACTURING, 
March 1955, p. 102) can be handled straight- 
forwardly according to physical laws. Form 
factors and those relating to exterior materials, 
textures and finishes will be subjected to new 
buying influences that need to be carefully 
appraised. 

Up to now the buyer whose needs had to be 
satisfied was a non-technically trained person 
euphemistically called the homemaker. My 
lady demanded performance and serviceability 
in line with traditional styling. As the chief 
spender of the household, she was often a 
shrewd bargainer. 

Right now over 85 per cent of the built-ins 
are being sold to mass housing projects. 
In these and the more expensive custom types 
both architect and builder have become the 
governing buying factor. Their demands will 
be more critical, more professional and more 
insistent,. designwise as well as pricewise. It 
would not be surprising to find the industrial 


designer, who never hesitates to do an in- 
terior, synthesizing the needs of the builder 
and the engineering-economic capabilities of 
the appliance manufacturer. The net result 
should not be cheaper products but better 
values. That means better design—function- 
ally and in the choice of materials. 

If his product is built into a house, the 
appliance designer had better familiarize him- 
self with building construction practices. 
There is even a possibility that the most back- 
ward of industries, using mortar and _ nail 
assembly methods, might learn something too 
from one of the leading mass production in- 
dustries. 

As indicated elsewhere in this issue, (page 
146) the appliance designer is going to have 
to bone up on building codes. Up until now his 
product has had to meet only UL requirements 
for safety. To properly integrate the power 
leads of an electric oven into a house wiring 
system, the range designer needs to study the 
National Electrical Code . . . and provide the 
necessary hookup components and installation 
instructions for the electrical contractor. 
If plumbing must be tied in rigidly to the 
house system, he had better bone up on the 
National Plumbing Code and become aware of 
the many local variations thereof. A good 
place to start would be at the Municipal Hall. 

Built-in ranges, refrigerators and dish-wash- 
ers are the glamour items today for the sub- 
urban ranch-type home. Not to be overlooked, 
particularly by the smaller manufacturer who 
has not developed an integrated line, is the 
as-yet-unsatisfied market for high perform- 
ance, compact appliances for the urban apart- 
ment. Recent developments in thin thermal in- 
sulation systems, for example, should bring 
the space saver refrigerator closer to reality. 
How about designing a well integrated food 
preparation, cooking and washing center? 
Or sturdy table top appliances constructed of 
serviceable materials? The quality market for 
small appliances has hardly been tapped. from 
a design point of view. 
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M. RAYMOND ALEXY, Engineer 


Aviation Electronics Engineering 


Rapio CorPORATION OF AMERICA 


Camden, New Jersey 


Design of D-C Tractive 
Electromagnets 


Simplified design method is presented for the 


non-specialist designer. It is based on use of SAE 1113 steel 


and set of curves plotted from data on several different sized electromagnets 


under a variety of conditions. A typical problem is 


solved to illustrate the procedure. 


ALL BUT THE MOST COMPLEX TYPES of d-c electromagnets 
may be designed using well established mathematical 
formulas. However, the calculations involve terms not 
readily manipulated by the engineer who designs such a 
device only occasionally. To ease the task, a simplified 
design method has been developed. It makes use of a 
series of measurements made on practical electromagnets 
of several different sizes under various conditions. Since 
the magnets measured were representative of those en- 
countered in practice, all factors that might affect the de- 
sign are inherently accounted for. 

Force developed by the magnet plunger was measured 
for various air gaps between the plunger and the core. 
for plungers of different diameters, for a range of values 
of ampere-turns, and for flat-faced and conical shaped 
plungers. By the use of these measurements, and consider- 
ation of the basic design considerations discussed in the 
following paragraphs, it is possible to design d-c tractive 
magnets to suit the needs of a variety of purposes. As an 
aid in using this design method, the step-by-step solution 
of a typical problem is presented using data that might 
normally be expected. 
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Several components designed by the author using typi- 
cal d-c tractive electromagnets are illustrated in Figs. | 
to 5. These electromagnets were designed using the 
method described and the curves. Pertinent data on these 
electromagnets are listed in Table I. Several general types 
of electromagnets ar shown in cross section in Figs. 6 
through 10 and include the following: 

l. Flat-faced armature type (Fig. 6) is primarily in- 
tended to produce a large force through a short stroke. 
It offers a large holding surface due to its multiple work- 
ing air gaps, consequently it is used extensively as a lift- 
ing magnet. 

2. Horseshoe or bipolar type (Fig. 7) is also of the 
armature type. but with two working gaps. It is used for 
smaller loads than the flat-faced type. The stroke is about 
the same. 

3. Flat-faced cylindrical plunger type (Fig. &) is de- 
signed to produce a smaller force for a longer stroke than 
the armature type. 

1. Conical-faced plunger type (Fig. 9) is similar to 
No. 3. except it produces still smaller forces through 
longer strokes. 
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ELECTROMAGNETS (arrows) in the devices illustrated were all designed using the method described in this 
article. FIG. 1—High voltage relay having a lateral motion. FIG. 2—High voltage relay having a rotary mo- 
tion. FIG. 3—This revolving coil is stopped by a brake operated by “Upper” electromagnet and is shorted 
and removed from circuit by high voltage relay marked “Lower.” FIG. 4—Control switch. It is manually latched 


and electrically unlatched. FIG. 5—Coding device in which electromagnet produces a rotary motion. 


Table i—Characteristics of Electromagnets in Applications Illustrated Above 


Shell 

Size 
(in.) 

1 diam 
15% long 


Plunger 
Stroke 


Shape é* diameter 
of eylindrical 
plunger 
% in. diam, coni- 
cal, 75 deg in- 
cluded angle. 
9 | diam 34 =| lig in. diam flat 
13¢ long lg in. hole in 
center. 
3 17% diam 154, in. diam. flat. 
Lil long 
upper 


3 31 diam 


Lig, long 
lower 


4 13¢ diam 
114 long 


included angle. 


34 in. diam, coni- 
cal, 17% in. hole 
in center 60 deg 
included angle. 


17% diam 3 1 in. diam flat 


L long ly in, 
center. 


hole in 


NOTE 


4 


3 in. diam, 60 deg 


Duty 
cycle 


Contin- 


uous 


Contin- 
uous 


Inter- 
mittent 


Contin- 
tous 


inter- 
mittent 


Inter- 
mittent 


Plunger 
Vove- 
ment 


Lateral 


Lateral 


Lateral 


Lateral 


Lateral 


Lateral 
and 
Rotary 


Load 
Vove- 
ment 


Lateral 


Rotary 


Rotary 


Rotary 


Incidental features 
includes holding 
switch actuating 
external resistor. 


includes holding 


switch actuating 
external resistor. 


Plunger mounted 


with ball bear- 


ngs. 


Includes holding | 
switch actuating | 


external resistor. 
Manually latched. 

Electricslly un- 

latched. 


Provides excep- 


tionally high tor- 
que, 


Applications 
High voltage 
relay. 


High voltage 
relay. 


Brake for re- 
volving coil, 


High voltage 
coil-shorting 
relay. 

Switch for con- 

trol panel. 


Coding device. 


All electromagnets operate over a voltage range from 20 to 30 volts d-c. The ambient temperature range varies from —55 C to +85 C. 
~The electromagnet element in this illustration is basically one developed and manufactured by the G. H. Leland Co., Dayton, Ohio. 








5. Conical-faced core type (Fig. 10) is, from the theo- 
retical standpoint, the most eflicient type of small force. 
long stroke design. 

This article is primarily concerned with electromagnets 
having cylindrical flat-faced plungers (Fig. 8) and those 
having conical-faced plungers (Fig. 9). The curves of 
developed force vs length of air gap shown in Figs. 11 to 
14, were plotted from data obtained from electromagnets 
of these types. Before the curves can be used properly, it 
is necessary to consider a number of design factors dis- 
cussed in the following paragraphs. 

Material Selection. The material used for the mag- 
netic circuit (plunger, core, shell) in these electromag- 
nets is SAE 1113. This is a high sulphur, cold finished, 
free cutting bar steel with reasonably high permeability 
at low flux densities. The force-gap curves are based on 
the use of this steel. 

It was selected because of its ease of procurement. 
cost, ease of machining and good magnetic properties as 
related to the average requirements of tractive electro- 
magnets. 

Other materials exhibit better magnetic characteristics 
than SAE 1113, However, all have disadvantages that 
would tend to make their use less desirable. Such ma- 
terials as the various grades of electrical steel, Swedish 
iron, Permalloy, Alnico, Cunife, etc. may be expeditiously 
used in certain critical applications where a particular 
characteristic is desired. The application might call for 
a material with a high permeability (low reluctance), 
lack of retentivity (residual magnetism), ease of satura- 
tion, etc. In such special cases it might be better to use 
one of the materials mentioned. 

Pure iron has very desirable magnetic properties when 
it has no occluded air. It has almost infinite permeability 
with zero hysteresis. Yet the force applied through a 
given air gap is not materially greater than for SAE 1113. 
A decided disadvantage of such iron is that its properties 
are affected by the presence of minute quantities of im- 
purities. 

Another example is the case of Permalloy which satu- 
rates with very low flux densities. This means that with 
a lower value of ampere-turns than with SAE 1113 it will 
reach its maximum magnetism. For a slight increase in 
ampere-turns the same force will be available in both 
materials. Also, SAE 1113 need not be annealed or 
ground to shape. 

Almost all materials could be discussed along these 
lines, tending to support a conclusion that SAE 1113 
or any other material in this family is a good overall 
material to use. 

Heat treatment of magnetic materials is important in 
order to obtain optimum results. Annealing and other 
heat treatments will reduce the lattice distortions tending 
to increase the permeability, decrease the reluctance. de- 
crease the retentivity, improve the machinability, etc. 
This is particularly true in the case of the special mag- 
netic materials, but is not important with SAE 1113. In 
fact. it has been demonstrated that the force or pull 
across a gap will be reduced in the order of 10 per cent 
when the magnetic circuit using SAE 1113 is annealed. 
It is true that the retentivity has decreased, but this is 
generally of secondary importance in an electromagnet. 

Plunger and Core Shape. The shape of the plunger 
and core is perhaps the most important consideration in 
tractive electromagnet design. The shape will determine 
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the slope of the force-gap curves. The requirements of the 
electromagnet will dictate what shape to use. For instance. 
if the problem involves a large force in conjunction with 
a small stroke, then the proper choice would be the flat- 
face plunger and core. On the other hand, if a small 
force over a long stroke is required, then the conical 
plunger and core should be selected. 

The curves indicate the force to be expected when flat- 
faced plungers and conical plungers: having included 
angles of 30, 60, and 90 deg are used. Theoretically, in 
the case of the flat-faced shape. the force should vary in- 
versely as the square of the gap. A considerable dis- 
crepancy exists between the theoretical and actual values 
of force vs gap. This is logical, however, when one con- 
siders that established laws disregard, at least to some 
extent, such important factors as (1) magnetic concentra- 
tion, (2) magnetic leakage, (3) air gap location within 
the coil, (4) proportions (length to diameter ratio) of 
the coil and (5) friction between plunger and bearings. 
Since the curves were established by actual masurements 
and include the effects of these factors, they can be used 
to determine the proper plunger shape. 

In general, it can be stated that flat shapes work best 
when the gap between plunger and core is small. The 
force rapidly diminishes as the gap is increased. Tapered 
plungers will straighten the force-gap curve. tending to 
permit the force to remain constant over a long stroke. It 
is even possible to increase the force as the gap increases, 
as shown on Fig. 11 for the 30-deg plunger. 

It should be noted that the force available at the 
smaller gaps is greatest for the flat plunger and decreases 
the sharper the plunger is made. This is because. with 
tapered plungers, the permeance of the air gap is caused 
to increase less rapidly with motion of the plunger than 
would be the case if it were flat. Hence, as the air gap 
gets smaller, the effective force is decreased relative to 
the flat arrangement. This is especially so for gaps smaller 
than 1/16 in. 

Shell and Magnetic Circuit. The magnetic circuit 
is the metallic path for the magnetic flux generated by the 
coil. In the illustrations of Figs. 1 to 5 this path or shell 
assumed the shape of a cylinder. This was a choice of 
convenience rather than necessity. The shape of the shell 
has only a minor effect on the efficiency of the electro- 
magnet. It can be almost any shape. providing sufficient 
material is present to insure flux conduction without at- 
tenuation or concentration. 

The factor governing size is that the cross-sectional 
area of the shell must be no less than that of the plunger. 
For purely mechanical reasons it might in some instances 
be desirable to have the shell larger in cross section than 
the plunger. This, however, will not help the magnetic 
characteristics. In fact, it has been shown that an electro- 
magnet with a shell completely surrounding the coil was 
only approximately 50 per cent better than one without 
a shell. 

Small air gaps at the joints of the shell are of little 
consequence because of the relatively large air gap be- 
tween the plunger and the core. For all practical purposes 
they can be disregarded, and no attempt should be made 
to design a “gapless” shell. The air gap between the 
plunger and the shell in the area where the plunger enters 
the shell can be made quite large and still not materially 
affect the performance. The electromagnets shown have 
a total clearance of 0.040 in. (0.020 each side). To re- 
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FIG. 6-—Electromagnet with flat-faced armature. FIG. 7 
shoe electromagnet. FIG. 8 
tromagnet. FIG. 9 
magnet. FIG. 10 


Horse- 
Flat-faced cylindrical plunger elec- 
Conical-faced cylindrical plunger electro- 
Conical-faced cylindrical core electromagnet. 


duce this clearance to a very small value will cause 
trouble in lining up the plunger and shell with the pos- 
sibility of severe flux concentrations causing magnetic 
or even mechanical friction. These undesirable forces can 
assume values that will sharply decrease the force avail- 
able. 

Air Gap Location. The location of the air gap within 
the coil is a very important factor and, strangely, one 
that is overlooked to a considerable extent. This factor 
has been analyzed by testing an electromagnet similar to 
that shown in Fig. 12. The test consisted of varying the 
location of a constant air gap from one extreme of the 
coil length to the other. The force developed across this 
air gap for different locations of the air gap was measured 
for various shaped plungers and various values of am- 
pere-turns. The conclusions indicated that the optimum 
air gap location should be in the middle third of the coil 
length. 

Considerable importance should be attached to gap 
location since variations of as much as 50 per cent were 
measured, This means that a design which places the air 
gap in the approximate center of the coil will exert in 
the order of 10 to 50 per cent more force than one where 
the air gap is near either end of the coil. 

Electromagnets with potential forces. and 
hence lower values of ampere-turns, seem to vary less 
with air gap location with the variations being about 10 
per cent. If in the same electromagnet the ampere-turns 


smaller 


value is increased by increasing the voltage, the potential 
force will increase and the location will become more 
important. The latter instance is the case where as much 
as a 50 per cent variation in force or pull will exist. 
Coil Design and Impregnation. There are many 
options open to the engineer in selecting the method 
of fabrication of the coil. The following is a partial list 
of possible choices: (1) Paper section, (2) cotton inter- 
woven, (3) form wound, (4) ribbon wound, (5) strap 
wound and (6) bobbin wound. The bobbin wound coil 
adapts itself best to the small electromagnet and is the 
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method used in those illustrated in Figs. 1 to 5. 

Bobbin wound coils can be inexpensively made with 
the wire, (generally fine wire AWG No. 24 to No. 36) 
wound directly on the bobbin in random layer fashion. 
The author has used nylon bobbins molded to size with 
success. Nylon can be molded in very thin sections 
(0.012 in. thick) and still retain sufficient strength to hold 
the winding together and without collapse of the bore. 
It is not affected over a temperature range from —55C 
to +125C. 

There are many choices of wire. Each type has a 
peculiarity that makes it desirable for some special re- 
quirement. Below are listed some of the possible choices, 
the basic wire being copper: (1) Enamelled, (2) enam- 
elled nylon covered, (3) enamelled silk covered, (4) 
enamelled cotton covered, (5) enamelled silicone coated, 
(6) Thermaleze, (7) nylon resin coated, (8) Teflon 
resin coated, (9) Kel-F resin coated, (10) Formvar 
coated, nylon covered and (11) Formvar coated. 

Formvar (polyvinyl acetal) coated wire was used in 
the components of Fig. 1 to 5. Formvar possesses char- 
acteristics making it a good choice for many conditions. 
It can be used continuously for temperatures as high as 
130 C, adds very little to the overall diameter of the wire. 
is inexpensive and is readily available. 

The proportions of the coil, that is, the ratio of coil 
length to mean coil diameter will affect to some extent 
the efficiency of the electromagnet. In general, a long 
coil with a small diameter, and vice versa, will not be as 
efficient as one with the proper proportions. For small 
stroke (up to 1% in.) electromagnets, the optimum pro- 
portions are those where the length is about 114 times 
the mean diameter. 

\ssuming that the ampere-turns necessary to satisfy 
the problem has been determined, it becomes necessary 
to calculate the coil values. The total number of turns 
will be the product of the number of turns per layer 
times the number of layers. Approximate formulas to 
arrive at the number of turns are not recommended. 

It is also important in this calculation to use the 
maximum overall diameter of the wire. If this pre- 
caution is taken then no difficulties will be experienced 
in production, since there is always the possibility that 
the wire used for models may be smaller than the wire 
procured for production. Coated wire has a tolerance 
of approximately 10 per cent and therefore the variation 
between model coils and production coils can vary to 
this degree. If one is designing closely this variation 
is of considerable importance. 

To compensate for the assumption that the wires lay 
exactly against one another, an allowance of 3 per cent 
of the calculated number of turns should be introduced. 
From experience the author has found this factor to be 
satisfactory. 

If parameters have been established prior to coil 
calculations in regard to the mean diameter of the coil. 
then for a given wire size the ampere-turns will remain 
constant regardless of the length of the coil. One may 
be misled into modifying the length in an effort to 
increase or decrease the ampere-turns. The factors that 
will vary under these conditions are the resistance, cur- 
rent and consequently input power. 

Except where it is absolutely necessary, a generous 
clearance should be provided between the bore of the 
coil bobbin and the plunger. Total clearances of 0.030 in. 
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are suggested to eliminate binding caused by an accumu- 
lation of tolerances, particularly those that occur in pro- 
duction over and above the expected variations. 

The selection of a proper coil impregnation is governed 
by the application. Accordingly the problem can be 
simple or complicated. The principle purpose of im- 
pregnating is to insure that effects of moisture will not 
corrode the wire to cause a short circuit within the coil. 

Typical processes may vary from coating the outside 
of the coil with a suitable coil lacquer using a brush 
to casting the coil in any of a number of formulations. 

The illustrated components were designed to meet the 
requirements of a_ specification 
against 30-day humidity 


invoking protection 
y (100 per cent relative with 
condensation), 50-hr salt spray, a temperature environ- 
ment over a range from —65 C to +85 C with the maxi- 
mum hot spot temperature not to exceed +125 C. 

The choice made here was a process involving the 
vacuum impregnation of the coil with Stypol.* This 
process is quite involved, but with results that com- 
pletely satisfy the requirements. It also has the advan- 
tage of building up only a thin film, rather than a very 
heavy layer as found in some other compounds that 
are otherwise satisfactory. 

Heat Dissipation. lectromagnets are designed with 
the heating losses (copper losses) as one of the major 
limitations. The significance of this statement cannot 
he overstated. A satisfactory magnet for ordinary con- 
ditions can be unsatisfactory at elevated temperatures 
if it has not been properly derated. Derating the magnet 
involves many factors. the most important of which are: 
(1) Loss in ampere-turns when the ambient temperature 
is increased causing the wire resistance to increase and 
the current to decrease: (2) loss in ampere-turns due to 
the increase in coil resistance because of power absorp- 
tion; (3) loss in ampere-turns due to the configuration 
or general structure of the magnet. Items (1) and (2) 
can be calculated and item (3) can be introduced into 
the formula on an empirical basis. 

In this regard a coil completely surrounded by an 
impregnating compound of high thermal conductivity. 
cast in a shell, dissipates more heat than any other and 
is the most efficient. 

\ coil impregnated as a separate element and then 
assembled within the shell will dissipate about the same 
amount of heat as an open coil without any enclosure 
or shell. This may seem ambiguous, but when one 
considers that an air space exists between the coil and 
shell, with the air functioning as an insulator, the state- 
ment becomes logical. Further, the ends of the shell with 
the bobbin wound coil are shielded thermally by both 
an air gap and the thickness of the bobbin ends. This 
immediately renders the shell ends ineffective as radiat- 
ing surfaces. In addition, the coil is insulated from the 
core by the thickness of the bobbin obviating the core 
as a good heat conductor. 

A value of 14% watts per sq in. of radiating surface 
(sides only) is the approximate maximum safe value 
of power that a magnet can dissipate continuously. If 
the duty cycle is of an intermittent nature the dissipating 
ability of the magnet will vary accordingly. If the duty 
cycle is about 10 sec on and 60 sec off, a value of 6 watts 
per sq in. of radiating surface (sides only) is safe. 


* Polyester type resin by H. H Robertson Co 


These values, 144 and 6 watts, are based on a maximum 
hot spot temperature of 125 C. 

There are circumstances where the engineer cannot, 
because of space limitations, design into the magnet 
sufficient radiating area to control the temperature rise. 
This is especially true with the continuous duty, long 
stroke magnet. Several methods of making a small mag- 
net handle a large amount of power are available. Among 
these are the double coil and the external resistor method. 
The double, or tapped coil design, incorporates a double 
winding in series and an external switch actuated by the 
plunger. The windings are usually of two different wire 
sizes. At the beginning of the stroke a large number 
of ampere-turns is required to initiate the action, there- 
for only that portion of the winding with the least re- 
sistance is used to generate the required ampere-turns. 
Since the number of ampere-turns needed at the end 
of the stroke is considerably less both windings are 
introduced causing the resistance to increase and _ the 
power to decrease to a suitable level. A switch actuated 
by the plunger connects the windings as needed. 

The external resistor method is basically the same. 
A single winding capable of generating the initial ampere- 
turns required is used. By means of a switch, an external 
resistor is connected in series with the winding near the 
completion of the stroke. 

The latter method is often preferable since the magnet 
can generally be made smaller with the external resistor 
placed in any convenient location. It is also advantageous 
to be able to modify the resistor value without changing 
the coil. The electromagnets of Figs. 1, 2 and 3 (lower) 
use this method to get continuous operation from a small 
coil. 

General Mechanical Features. The plunger guide 
bushing (see Fig. 15) serves in the dual capacity of re- 
ducing mechanical, as well as magnetic friction. Friction 
can be an overwhelming factor in the small magnet. 
As much as 50 per cent of the total force available can 
be absorbed by binding between the plunger and shell. 
Without a guide bushing extreme care must be exercised 
to line up the plunger with the shell when small clear- 
ances, of the order of 0.001 to 0.005 in., are used. This 
is because the flux in this area will tend to cock the 
plunger towards the side with the minimum clearance, 
setting up a condition of flux concentration (magnetic 
friction). The flux with improperly supported plungers 
may reduce the clearance to zero to cause binding or 
scoring (mechanical friction). 

The best way to eliminate this is to use a guide bushing. 
The tendency to set up magnetic friction will be greatly 
reduced and the chance for mechanical friction will be 
eliminated. The total available force will theoretically 
be reduced, but in general the practical available force 
will be increased because of the elimination of friction. 

The bushing should be made of some nonmagnetic 
material with a wall section about 0.010 in. thick. Oilite 
bronze serves very well. The plunger can then be a close 
fit with the guide bushing. but will be constrained from 
being other than concentric with the shell. If the plunger 
is not further externally guided, then it can be extended 
with a nonmagnetic plunger pin confined by another 
guide bushing on the opposite side of the shell (see 
Fig. 15). The illustrations of Figs. 1 and 2 reflect this 
type of design. 

One of the components (marked “upper” in Fig. 3) has 
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a plunger where the action is 
one of translation accom- 
panied by rotation at high 
speeds and does not use a 
euide bushing. The high 
speed rotary motion pro- 
hibited the use of a guide 
bushing. and dictated the ex- 
ternal ball bearing type of 
plunger support. The plunger 
shell clearance, however, was 
made adequate (0.015 on 
each side) for the applica- 
tion. It performed almost as 
well as if a guide bushing had 
been used. 

It should be mentioned 
that in the conical plunger 
arrangement, it is important 
to guide the plunger prop- 
erly. If one is working with 
a small final gap, the contour 
of the core will overlap the 
plunger to cause severe cock- 
ing unless adequately con- 
strained, 

\ small overall package 
can be achieved by including 
the return spring within the 
shell. Fig. 15 shows an ex- 
ample of this. The spring 
material should be non-mag- 
netic with phosphor bronze. 
beryllium copper, or  stain- 


less steel being very satis- 


factory. 

The plunger in some cases. 
if it is flat faced, is stopped 
when it engages the core. 
(Never permit tapered plung- 
ers to do this.) Other de- 
signs call for an air gap after 
the plunger has tri aversed its 
full stroke with the stop being 
accomplished by additional 
elements. Metal-to-metal con- 
tact is sometimes used. How- 
ever, since the plunger ac- 
celerates at a fast rate, this 
arrangement will cause a 
clacking noise. The action 
also tends to peen the engag- 
ing surfaces. It is therefore 
better to interpose a dam- 
pening material between the 
metal surfaces. Materials 
such as hard rubber, nylon, 
cork ete. can be used satis- 
factorily. If the final air gap 
is small (0.005 in.) rubber 
or materials such as nylon 
might cause trouble due to 
cold flow caused by the re- 
peated hammering of the 
plunger. 
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FIG. 11—Force-gap curve for electromagnets having ‘%-in. plunger. 
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FIG. 12—Force-gap curve for electromagnets having '4-in. plunger. 








Cork has been successfully used for this application. 
The cork must be dense and it should be treated in an 
environment exceeding the application. Since the cork 
element is generally cemented to hold it in place, the very 
process of cementing will automatically give the required 
properties. For example, if the maximum temperature 
to be expected is 125 C and the maximum force is 30 |b, 
then the cork should be cemented under a pressure of 
perhaps 50 lb at a temperature of 150 C. This will reduce 
the thickness about 25 per cent making the cork dense 
and stable under all working conditions. 

Mathematical Design Equations. The four basic 
equations for the mathematical design of d-c tractive 
electromagnets are given below. The primary purpose 
of presenting them is to show that their use requires 
a designer familiar with assumptions that must be made 
to assign values to some of the factors used. The diagram 
of Fig. 16 illustrates some of the terms used in the 
equations which follow. 

(1) Force Equation 
rB,? r;? 


2u 
where 
F = Plunger force (Ib.) 
r; = Plunger radius (in.) 
B,=F lux density of working gap (kilomaxwells per sq. in.) 
uw =Permeability of air gap (webers per ampere-turn in an 
in. cube) 
(2) Magnetic Circuit Equation 
B, G 
NI= —+2H;L, 
MU 
where 
V/ =Ampere-turns 
G =Length of air gap (in.) 
> H; L;=Magnetomotive force necessary to establish flux in 
iron portions of magnetic circuit (ampere-turns). 
1 ampere-turn = 0.4 gilbert 


(3) Heating Equation 


q pP NI? 
v k ’ | ] 
2kf(rs +r) Lh 


where 


Il 


of =Final temperature rise of coil (deg. C.) 
q = Fraction of total time coil is energized 
p= Volume resistance of wire (ohms per in.) 
k= Heat dissipation coefficient 
h=Gross length of coil (in.) 


(4) Voltage Equation 
ip (r?—r?) NI 
k=— 


ad? 
where 
i} =Coil voltage (volts) 
d= Diameter of bare wire (in.) 
These basic formulas can be expanded according to 
the type of magnet under consideration. They may at 
times become quite complicated. 


Typical Design Problem 


The typical electromagnet design problem solved in 
the following paragraphs is arranged in such a manner 
that a practical set of requirements are listed and a 
procedure is set forth dealing with those requirements. 
The procedure is flexible and can be arranged in accord- 
ance with the known requirements. 

When using this design procedure it is necessary to 
refer only to the force-gap curves. The formulas used 
are elemental to the extent where every phase of the 
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It is true that some of the 
more complex 


design is clearly analyzed. 
could be combined into 


arrangements, but it is believed that this tends to make 


expressions 


the factors lose their significance. 

It should also be mentioned that when the curves 
are used the characteristics, both electrical and mechan- 
ical, of the illustrated electromagnets on each curve should 
be completely disregarded. The electromagnet designed 
by the procedure may in no way resemble those illustrated 
in the curve. 

The solution has been simplified by disregarding volt- 
age tolerance and other considerations such as clearance 
between plunger and bobbin etc. The engineer. however. 
must be concerned with these variations and should 
introduce them into the design. The design data are 
given in Table I] and the core and coil data of the solution 
are shown in Table III. The step-by-step solution follows. 
Step 1. Determine the diameter and shape of plunger 
and number of ampere-turns required. 

Examination of the curves shows that the flat-faced 
14-in. diam plunger meets Requirements 3 and 4 (see 
Table Il), that is, stroke of 1/16 with a plunger force 
of 14 lb. The force requirement has eliminated the 14-in. 
diam plunger since the value of ampere-turns necessary 
is beyond practical consideration. Even though the %4-in. 
diam plunger could be used, and give the proper force. 
it would provide very little winding space when Require- 
ment 6 is invoked. 

The *%%-in. diam flat-faced plunger working in a coil 
able to generate 2000 ampere-turns is the best choice. 
Step 2. Determine the thickness of the shell sides. 

The minimum cross-sectional area of the shell need 
not exceed the cross-sectional area of the plunger. 
Therefore 7(??—r*) =r? 
where 

R= 5¢ in. (outside radius of shell, Req. 6) 


r=inside radius of shell 
r, =radius of plunger 


Substituting 
(0.6232 —r?) = 2 X0.250° 
Hence 


r=0.572 in. (shell sides will therefore be 0.053 in. thick) 
Step 3. Determine the winding radii. 

Assume that the winding is to be confined with a bobbin. 
If the bobbin is made from nylon. a wall and end thick- 
ness of 0.025 in. will be satisfactory. Further. allow 
a clearance of 1/64 in. between the bobbin OD and the 
shell ID. The winding radii will then be: 

R (outside winding radius) = Inside shell radius — clearance 
Substituting 

R=0.572 (From Step 2) —0.015 
Hence 

R=0.557 
Also 


r (inside winding radius) = Plunger radius +thickness 
of bobbin. 


Substituting 

r=0.250 (from Step 1)+-0.025 
Hence 

r=0.275 
Step 4. Determine the wire size. 

It is decided here to use a heavy Formvar coated 
copper wire. This wire will satisfy all requirements, and 
in particular 2 and 9. 
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Table 11—Design Data of 
Typical Problem 
(Requirements) 


1—Input voltage, nominal, d-c 
2—-Ambient temperature, 


27 (Range, 24 to 30) 
23 C (Range, —55 C to 


nominal +-75 C) 
3—Plunger force, (including 

force of return spring) lb. 14 
1—Plunger stroke, in. rf 
5—Current, max (at 27 volts) 

amp 114 
6—Outside shell diameter, 

max, In. 114 


7—Shell length 


&—Duty cycle 


Design for minimum 

Intermittent, 10 sec on, 60 
sec olf 

9—Coil hot spot temperature, 

max at 75 C ambient 


125 C 


















Table 111—Core and Coil Data of 
Typical Problem 
(Solution) 


Magnetic Structure 
Material 
Plunger diameter 


SAE 1113 steel 
14 in. (flat-faced cylindrical) 
Shell diameter, outside, in. 114 


Shell thickness, in. 0.053 
Shell end thickness, (each end), 

in. 0.125 
Lengtn of shell, in. 1 545 
Coil 
Resistance, ohms 21.6 
Turns 1600 
Wire size, AWG No. 28 
Length of coil (winding only), 

in. 1.230 
Layers 19 
Turns per layer 85 
Inner winding radius, in. 0.275 
Outer winding radius, in. 0.557 
Ampere-turns (at 27 volts d-c) 2000 






Since 


Ampere-turns 
lotal turns S 


Current 
2000 (from Step 1) 


1.25 (Requirement 5) 
= 1600 (a) 
Mean length of one turn = 7X mean diameter of 1 turn 
=7 0.832 (calculated from Step 3) 
= 2.618 in. (b) 
= Total turns X mean length of 
one turn 
= 1600 2.618 from (a) and (b) 
=4190 in. (ce) 


Voltage (nominal) 
‘Total coil resistance = 
Current (nominal) 
27 (Req. 1) 


1.25 (Req. 5) 
=21.6 ohms (d) 
| 


Total wire length 


‘otal Coil Resistance 


Resistance per in. of wire = -— -— 
Total Wire Length 
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21.6 From (d) 


1190 From (c) 
=0.00516 ohms/in. (e) 
Reference to a suitable handbook will indicate that No. 
28 wire (bare diameter of 0.0126 in.) most nearly ap- 
proaches the calculated requirement of 0.00516 ohms/in. 


Step 5. Determine the winding length 
For this calculation it is necessary te add to the bare 
wire diameter the thickness of the coating. For the type 
of wire previously selected, the nominal overall wire 
diameter will be 0.0145 in. 
Thickness of winding space 
Layers of wire : --— =~ 
Overall diam. of wire 
0.282 (calculated from Step 3) 


0.0145 
= 19.4 use 19 (a) 
Total turns 
Turns per layer = — 
Layers of wire 
1600 From Step 4 (a) 


19 From (a) 

= 84.3 use 85 (b) 
Length of winding =turns per layer X overall diam. of wire 

=85 (b)X0.0145 
= 1.230 in. (c) 

Step 6. Determine length of shell. 

The length of the shell will be the sum of the following 

factors: 

1.230 =Length of winding from Step 5 (c) 

0). 050 = Total thickness of bobbin ends (from Step 3) 

0.015 =Clearance between bobbin and shell (from Step 3) 

0). 250 =Total thickness of shell ends (See explanation below) 

1.545 in. = Length of shell (a) 

The minimum cross sectional area of the shell need 
not exceed the cross sectional area of the plunger. For 
this calculation the cross sectional area of the shell at the 
point where the plunger enters the shell, must be con- 
sidered. 

2Qr ry t=r7r," 
where 


t=thickness of shell end 
r=radius of plunger 
Substituting 
In X0.250 f=27X<0. 2502 
{=0.125 in. 
And also 
0.250 in. = Total thickness of shell ends 


Step 7. Determine heat dissipating ability. 
The electromagnet that has now been designed has met 
all requirements except Requirements 8 and 9. 

It has been mentioned that if the total power in watts 
is less than 6 watts per sq in. of radiating surface, the 
hot-spot coil temperature will not exceed 125 C if the 
electromagnet has an intermittent duty cycle of 10 sec on 
and 60 sec off. 

Since 
Power to be dissipated = Voltage X Current 
P=27 (Re. 1) 1.25 (Req. 5) 
33.7 Watts (a) 
Also since Watts per sq in. to dissipate 


Il 


Il 


Power to dissipate 


Side area of shell 
33.7 From (a) 


6.08 calculated from Req. 6 and Step 6 (a) 
=5.54 (b) 
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FIG. 13—Force-gap curves for electromagnets having %-in. plunger. 


Wire size -18 
5s Piunger 


Fiot 


o 
rrr) 


‘ 
Ul 
U 
a 
‘ 
Ul 
U 
U 
4 
L 


Net Ha 
| | 4.900\,. 4 
moth SAE LS 






Plunger force, Ib 


5 
Air gap, 16 ths of an inch 


FIG. 14—Force-gap curves for electromagnets having l-in. plunger. 


Requirements 8 and 9 have 
now been met, since the 
value 5.54 (b) is less than 6. 

If the value of (b) had 
been resolved to a_ value 
more than 6, then it would 
he necessary to modify the 
design as follows: 

1. Maintain all character- 
istics. except increase the 
number of turns which will 
(a) inerease the resistance, 
(b) decrease the current, (c) 
decrease the power. (d) 
maintain the ampere-turns. 
(e) increase the length of 
winding and shell and (f) 
decrease the watts per sq in. 
to dissipate to an acceptable 
level. This completes the de- 


sign. 


Summation 
The following is a summary 
of design considerations eval- 
uating the many variables 
encountered in electro-mag- 
netic design. 

1. Plunger force or pull is 
approximately proportional 
to the cross sectional area of 
the plunger and the ampere- 
turns in the coil. 

2. Plunger force vs gap 

deviates considerably from 
the theoretical law of inverse 
squares. 
3. Plunger force will de- 
crease approximately 10 per 
cent if the magnetic circuit 
(shell, core, plunger) ma- 
terial is annealed, assuming 
the use of SAE 1113. 

4. Plunger force is in- 
fluenced by the location of 
the air gap within the coil. 
This may be of the order of 
50 per cent from extreme 
ends to the center. 

>. Plunger force varies 
slightly with the ratio of coil 
length to coil diameter. The 
optimum ratio is about 1's. 

6. Plunger force is influ- 
enced by the plunger and 
core shape. Flat shapes are 
better for larger forces over 
a small stroke. Tapered 
shapes are better for small 
forces over a large stroke. 

7. Plunger forces will de- 
crease with higher ambient 
temperatures and_ inherent 
power losses in the coil. The 
decrease in ampere-turns 
causes this. 


8. Plunger force will not Plunger 


be materially affected by Thin woll 





Plunger guide bushing 
(Won - magnetic) 

making the shell and core 
cross-sectional area larger 


than the plunger area. (Note 


a : : Plunger 
, relation is 
that the minimum relatio tare — 
where they are equal. ) € 
9. Plunger force will be 
substantially unaffected by 
the type of enclosure used. ; 
fa Compression 
The enclosure can be a shell return spring a 
or bracket, the only restric- (Won-magnertic ) 
tion being Item 8. 
10. Plunger force with a 
eood magnetic circuit com- 
te nclose a she Bobbin 
pletely enclo ed by a hell Plunger 
with small series air gaps. extension 
will be approximately 50 per (Won-magneric) 


cent greater than if the en- 
closure were completely elim- Core 
inated, 

11. For continuous duty. 
an electromagnet of average 
design will be capable of dis Coil leads 
sipating 1's watts per sq in. 
of radiating surface. This 
, FIG. 15—Typiecal flat-faced cylindrical plunger 


surface only includes the : 5 . 
electromagnet having a compression return spring. 


sides of the shell. excluding 
the ends. The hot spot tem- : 
perature will not exceed 125 
. 
12. For an intermittent 
duty cycle of the order of 10 
sec on and 60 sec off, the 
magnet will be able to dis- 
sipate approximately 6 watts 
per sq in. of radiating sur- 
face. The maximum hot spot se 
temperature will then not ex- 2 
ceed 125 C. = 
13. SAE 1113 (cold fin- 


ished high sulphur steel) or 





one of the steels in this gen- 
eral category is recommend- rei 
ed for the plunger, core, cou 
shell = N=ANumber 
2 of turns 
d = Bore wire 
diometer 
R=Aesistonce 
Acknowledgment NI= Ampere 
turns 
The author wishes to give 
credit to J. C. Clark, whose em- : 
pirical investigations, in regard yee 
to electromagnets served to a Bg (Flux density mean flux 
considerable degree to establish in ait gap) line) 
the curves included in this re 
port. The author further recom 
mends the excellent book “Elec 
tromagnetic Devices,” by Herbert 





C. Roters (John Wiley & Sons. 
1941). This book has, on many 


occasions, been used as a refer 





ence, 
FIG. 16—Diagram of electromagnet showing 
dimensions used in mathematical analysis. 
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E. S. BEAN, W. E. WOODSON 
The Human Factors Division 
U.S. Navy ELecrronics LABORATORY 


San Diego, California 


Human-Engineered Design for 
Reliability and Maintenance 


The concept of the man-machine system goes beyond the machine’ s 


operator and should also take in the maintenance technician. It is as 


necessary to design simple and reliable means for maintenance into the equipment. 


as it is to design reliable materials, components and circuits. And it should 


be done at the design stage. This discussion shows how human-engineering 


considerations enter into, and can be applied to. such design. 


DESIGN FOR MAINTENANCE requires study of two problems: 
(1) the close functional and structural relationships be- 
tween the many and intricate parts of contemporary 
complex equipments; and (2) the existing limitations 
both in available manpower and levels of skills among 
maintenance technicians. 

Essentially then, the comparative ease or difficulty 
of maintenance becomes a function of how well a solu- 
tion to these problems has been built into the equipment 
at the original design stage. (])* During this design 
stage, it may even be possible to provide for several 
“echelons” of maintenance knowledge and skills: 

1. Major Unit Check. A minimum checking facility 
which would allow a relatively unskilled technician to 
determine whether the equipment was working, make 
appropriate adjustments, locate and replace faulty sub- 
assembly packaged units. 

2. Minor Repair and Calibration. In addition to being 
able to perform the duties mentioned under (1), the 
technician would be required to have sufficient training 
to repair subassembly packages and to repair and cali- 
brate test instruments. He would also give training 
assistance to the technician in echelon (1). 

3. Design and Modification. The technician would be 
required to have the maximum amount of training so 


* Italic numerals in parentheses apply to Cited References at end of article. 
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that he could actually construct and modify subassembly 
packages, major units and sets. 

Many equipments today are already so constructed that 
breakdown of maintenance tasks similar to this described 
may be carried out. A concentrated effort. however. 
should be made to do this more consistently. Particu- 
larly important is the application of human engineering 
principles (2) by the designer of equipment. This should 
make it possible to provide simple, reliable procedures 
for the maintenance man. Such procedures would de- 
scribe: (1) what to check: (2) how to check it; (3) how 
to interpret results; and (4) what to do about it. 

Although exhaustive checking would be more reliable 
than limited checking, it is not necessarily true that 
each successive check adds the same increment to the 
reliability of the total checking procedure. Therefore, it 
seems essential that during the design and packaging (in 
the electronic sense of the word) of the equipment, con- 
sideration should be given to limiting the number of 
checks and the number of different test instruments. 

Primary consideration should be given to the check 
required at the major unit level to determine whether 
or not the major unit is functioning satisfactorily. Major 
unit checks ought to describe the tolerances for satis- 
factory performance. Other tolerances might indicate 
performance that could be adjusted to fall within satis- 
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factory limits. Any measures beyond the tolerance limits 
that represent adjustable values would then indicate un- 
satisfactory performance. Thus the first step is to measure 
equipment performance at each major unit. These meas- 
urements should provide the technician with information 
that the major units are (S) operating satisfactorily. 
(M) marginally, (capable of adjustment to satisfactory 
operation). or (U) unsatisfactorily. 

The second step would be performed only when the 
results of the first task indicate marginal performance 
of a major unit. The maintenance procedures, therefore. 
should specify what control to vary for each specific 
marginal result of major unit checks. 

Our third step is performed only when the results of 
any major unit check indicates unsatisfactory perform- 
ance within that unit. Any procedure developed for this 
should lead the technician to the faulty subassembly in 
the fewest steps possible. It is in this area (usually refer- 
red to as troubleshooting) that two techniques are 
employed to reduce the complexity of maintenance: (1) 
Unitized replaceable subassemblies: and (2) the design 
and construction of equipment in such a way that the 
least number of steps are required to locate any faulty 
subassembly. 

Literature on unitized design is abundant. The second 
technique will be discussed here. Four methods for 
studying this technique are proposed: (1) Progressive: 
(2) Half-Split: (3) Reliability Block Diagram: and (4) 
Built-In Methods. It is conceivable that any one of any 
combination of these methods could be used in any one 
equipment. One might be more appropriate for one type 
of test or check while another would be better for other 
types of checks. The various checks might be for such 
things as frequency, waveform. voltage, current, or power. 
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Progressive Method. This method would describe 
procedures for checking separate subassemblies or parts 
making up a major unit. The procedure for this method 
would begin with a check of the output of the first sub- 
assembly or part. followed by a test of each successive 
subassembly or part progressively except for the final 
output which was checked first in determining that the 
major unit was not operating satisfactorily. 

For example: Suppose that major unit A consists of 
eight subassemblies or parts combined in a nonlinear 
sequence. The subassemblies or parts might be designated 
11, A2, A3, A4, A5, A6, AZ and A8, where Al is the 
first in sequence and A@ is the final output of the major 


Left, printed circuit techniques 
provide a convenient means for 
reducing maintenance complexi- 
ty. Subassemblies are easy to re- 
place and removal of chassis has 
been greatly simplified. Above, 
an excellent job of human- 
engineered design for mainten- 
ance: The chassis panel swings 
to a convenient position for 
servicing; the labels on com- \ 
ponents are unusually clear; 
the approach to the chassis can 
be made from three sides. But 
some flaws. remain: the labels 
were oriented for the man on 
the production bench not for the 
man who must service the unit. 
Moreover, about half of the 
labels have to be approached 
from the blind side, thus re- 
ducing the effectiveness of an 
otherwise ideal labelling solu- 
tion. (This is a top view of the 
equipment, cabinet is at the 
right.) 
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unit. Also, suppose that the check is of one particular 
type and that each subassembly or part has one test 
point where the appropriate check can be made. Follow- 
ing this method the technician would have to make from 
1 to 7 checks in order to locate the faulty subassembly 
or part in the major unit A. The procedure is illustrated 
in Fig. 1. 

Half-Split Method. This method enables location of 
the faulty part with the fewest checks within the major 
unit. Equipment would be designed so that each check 
would eliminate half of the remaining possible faults. Fig. 
2 illustrates diagrammatically how this would be done 
assuming the same nonlinear major unit A as shown in 
the Progressive Method example. Note that only three 
checks are necessary to locate the faulty subassembly. 

Reliability Block-Diagram Method. In this method 
let us assume that the designer is able to assign values 
of probability to each subassembly. In other words, the 
design engineer from his own experience or from the 
manufacturers data can rank each subassembly or part 
from “most reliable” to “least reliable.” For example. 
assume that the designer ascertains that 43 is most likely 
to fail, then 45, A2 or A6 and so on, with AS as the 
subassembly least likely to fail. It should be noted that 
the failure probability for the major unit A is as great as 
the failure probability for 43 which is most likely to 
fail. From the diagram in Fig. 3 we see the technician 
would have to make from two to five checks to locate 
the faulty subassembly or part. 


Built-In Method. This method would provide a cen- 
tral check panel with lights or meters or both with selector 
switches to indicate satisfactory. marginal, or unsatisfac- 
tory operation of the major unit and the location of 
each subassembly. In effect, this is an application of the 
“graphic panel” system that incorporates recording and 
indicating instruments mounted within an apparatus 
schematic and allows the operator to observe and adjust 
portions of the system as conditions vary. (3) In elee- 
tronic equipment. it would be desirable to build in toler- 
ance gating, so that not only a warning is given to the 
technician but the malfunctioning circuit could be cut 
out before it affected other parts of the system. The 
technician has only to replace the faulty unitized sub- 
assembly and the equipment is back in operation. 


Where Human Engineering Enters. Human engi- 
neering for reliable maintenance goes one step further 
in the design of the equipment. It is not enough that a 
good method for maintenance is laid out to reduce time 
and effort required of the maintenance technician. Much 
of the good design may be lost if human engineering 
is not carried over into the layout of subassemblies, 
positioning of parts and wiring, and the appropriate use 
of controls, displays and coding. Much has been done to 
provide guides for the designer to follow in making the 
equipment operator's job easier. (4) These same guides 
are appropriate to design for maintenance considerations. 
A check list follows: 

1. Visual Displays. The maintenance technician in 
reading meters, checking scope patterns, identifying 
labelled parts or color-coded components does his job 
swiftly and accurately only if illumination is good, scales 
and labels are clear. and color codes are clearly difleren- 
tiable. Too often it is said. “of course this is true, and 
anyone with common sense would see to it that this is 
taken care of.” However, a quick inspection of any ran- 
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dom sample of equipments today would point up the 

fact that the following factors are frequently overlooked: 

a. Scale breakdown and numbering should be similar 
on all adjacent dials. 
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hb. Seale values should increase from left to right or 
from bottom to top. 
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c. Numbering and lettering should be designed with 
optimum height to width and stroke-width ratios. 
Optimum contrast between figure and ground should 


be maintained. 


Preferred 





Poor 


d. Expected viewing distance should be determined so 


that optimum size of lettering or numbering can be 
used, 


x 09" Minimum 


\ 
a=———— 20 in— 


68" Minimum 


6 ft ————> 


e. Proper positioning of displays must be considered 
with relation to the position of the person who 
will read the figures or pointer. The position of 
the related controls must be considered so_ that 
the maintenance technician will not be drawn out 
of viewing position while adjusting the controls. 
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f. Components should be oriented so that their labels 
are in full view and are not upside down. Otherwise 
time is lost and confusion may be caused. 





ge. Colors chosen for coding purposes must be clearly 
differentiable. It is the equipment designer's re- 
sponsibility to see that color-coded component parts 
use colors that are readily distinguishable and iden- 
tifiable under working maintenance conditions. Parts 
vendors should comply with this requirement. Under 
urgent production conditions components can be 
properly re-painted before equipment is assembled. 

h. Illumination must be provided that is optimum for 
all maintenance tasks according to their require- 
ments. Light levels may differ for the various dis- 
plays, shadows may be cast by closely mounted 
components and colors may be distorted if the 
proper illumination is not provided. The practice of 
painting the interior of cabinets black, for instance. 
does not reflect every type of illumination satis- 
factorily. Deep shadows then make it impossible 
to see many of the parts or distinguish any of the 
labels or color codes. Remember that the good illum- 
ination provided in a manufacturer’s plant may 
not be duplicated at the maintenance site. 

i. Visual displays should be as simple as possible. 
Don’t make scale breakdowns any finer than abso- 
lutely necessary. Avoid scales that are nonlinear or 
that need elaborate interpolation. If color codes are 
used, make sure that the code is simple and that 
there are not too many different colors. 

2. Auditory displays. Auditory displays can often be 
used to supplement visual displays and also to relieve 
the eyes where there are too many visual displays or 
where they cannot be located to best advantage for seeing. 
Although very little use has been made of aural displays 
for maintenance, this area should be investigated. 

In designing such displays, it is necessary to create 
easily distinguishable signals with optimum signal-to- 
noise ratios. It is important to keep in mind the ambient 
noise levels in the working area, since the addition of 
another sound may be detrimental to other types of com- 
munication activity. In considering the use of an auditory 
display, keep in mind the following: 

a. Provide a signal that can be distinguished easily 
over the ambient noise level. This does not neces- 
sarily mean a louder signal, but one that has char- 
acteristics which are not masked by ambient fre- 
quencies, time variation or quality. Undulating or 
warble tones can be used effectively in many cases. 

b. Localization of the auditory signal is often an im- 
portant cue, and the proper placement of the sound 
sources should be such that separation is emphasized. 

c. Acoustic treatment is important wherever sound 
signals are used. Such treatment should be consid- 
ered not only for its benefits to the signal but also 
for the purpose of lowering the noise levels of 
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mechanical linkages, motors. blowers and noisy 

relays. 

d. When headsets or microphones are needed by the 
maintenance technician, it is important that jacks 
are available when the equipment is partially dis- 
manteled. 

3. Controls. Control problems for the maintenance 

technician are too often considered as of secondary im- 

portance. He must, however, make some very fine ad- 


justments for proper calibration and his controls should 


have the same attention in design as though he were the 
operator. The most prominent situation may be found 
in the use of screwdriver adjustments. Designers also fail 
many times to position controls which are both operator 
and maintenance controls so that they can be manipulated 
satisfactorily when the equipment is down for servicing. 

Points to consider in control design are: 

a. Control movements should be in the expected direc- 
tion. A clockwise movement should produce an 
“increase” in sound or reading while a counter- 
clock-wise movement should produce a decrease. 

b. The control should be easy to grasp and manipulate. 
The proper size and gripping surface should be 
provided. 

c. Extreme torque requirements should be avoided. 

d. Controls should be accessible. Don’t force the tech- 
nician to hunt for the control, reach into a dan- 
gerous area for it, or approach it from such a 
position that he cannot make the adjustment con- 
fidently. 

e. The control should be identifiable either by its 
shape or proper label. 

f. Keep as compatible a relationship between controls 
and displays as possible not only in direction of 
movement, but in shape, size and proximity. 

g. Design controls so that the operator cannot strip 


h. 














































gears, bend shafts or injure other components. 
Motion-limiting stops should be provided at the 
driving end of the shaft where necessary. 

Avoid the need for special tools wherever possible. 
However, if it appears that a special tool can do 
a better job, select or design that tool so the tech- 
nician can use it easily and accurately. 

Plan the arrangement of controls so that a logical 
sequence of operations will eliminate back-tracking 
or hunting. 

Mark controls so that adjustments can be made or 
settings can be found quickly. Screwdriver controls 
are the worst offenders of this principle. 


Accessory Considerations. There are many acces- 


The major part of this unit can be 
cranked forward for access to the 
lower wiring and terminal endings. 
Of special interest is the improve- 
ment in working illumination pro- 
vided by the light color used for 
the interior surfaces of the cabinea 
rather than the conventional black. 
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sory considerations which hinder the maintenance job. 
Such things as poor chassis layout, inaccessible mounting 
of parts, poor connections, (5) lack of handles for re- 
moving and carrying subassemblies, and latches that are 
difficult to operate. These design features are often left 
to the draftsman’s own initiative and turn out to be 
bottlenecks in maintenance. The designer should keep in 
mind that the conditions under which the maintenance 
technician works may not be of his own choosing. Lack 
of adequate space and the absence of suitable work tables 
for test equipment and tools may make it doubly im- 
portant that the equipment design be properly designed 
to make up for some of these inconveniences. 

5. Maintenance Mock-up. Human-engineering practice 
adopts the mock-up to check the layout of operator’s con- 
trols and displays. In this way mistakes can be eliminated 
before prototyping or production begins, thus eliminating 
costly changes. It is proposed that a similar procedure 
would prove valuable to the maintenance side of equip- 
ment design. 

Some of the points to consider are as follows: 

a. Locate, position and arrange the things with which 
the maintenance works with his 
venience in mind. The level of the man’s eye as he 
views a display, the distance from it for adequate 
seeing, his arm reach for manipulating components 


technician con- 


or controls. his body size for moving about or 
bending over, all affect the efficiency and reliability 
of his performance. 

b. Design latches and handles on removable chassis so 
that one man can handle and maneuver it rapidly 
and safely. 

c. Design doors, drawers and cabinets so that they allow 
access to the interior of equipment without need for 
the technician to bend, stretch or call for another 
man to hold something in place while he works. 

d. Make check points and connecting points accessible 
without the necessity for complete removal and dis- 
assembly. 

e. Keep in mind that servicing may have to be done 
from only one side of the equipment. Lay out 
chassis components therefore to avoid forcing main- 
tenance men’s hands dangerously near a high-voltage 
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or high temperature point. 

f. Make sure that the weight of subassemblies does 
not exceed the safe lifting limits where it is pos- 
sible that a technician may be called upon to remove 
the unit alone. (6) 

g. Design the maintenance job so that the fewest num- 
ber of special test instruments will have to be carried 
to the service area. 

Finally, the equipment designer needs once again to be 
reminded that it is his choice as to whether the mainte- 
nance job will be reliable or not by the application of 
common sense human engineering. Those aids and con- 
veniences that make maintenance easier and also moti- 
vate the maintenance technician to do a better job, are 
part of design problems just as much as the development 
of a more reliable circuit or the choice of more reliable 
components. The human is a very reliable component 
when used properly within his tolerance limits. O O O 
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Effects of 

Water Immersion 
and Humidity on 
Thermosetting 
Laminates 


THIS ARTICLE PRESENTS the results of investigations con- 
ducted at the Material Laboratory, New York Naval 
Shipyard, on the effects of humidity and water immersion 
on the electrical and mechanical properties of the follow- 
ing Navy-type laminates: 


FBG—Fabric-base phenolic laminate 
PBE—Paper-base phenolic laminate 
(MG—-Glass-melamine laminate 
GSG—Glass-silicone laminate 


All materials were procured from commercial sources 
in the form of sheets of nominal thickness of 1 or 1% in. 


* Opinions or assertions contained herein are those of the authors and are 


not to be construed as reflectin 
Naval Service at large 


the views of the Navy Department or the 


Electrical and mechanical 


properties of Navy phenolic, 


glass-melamine and 
glass-silicone laminates 
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of test methods and conditions. 
The possible inadequacy 

of short-time conditioning 

in moisture-resistance 


test is pointed out. 
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cent RH, 25 C, recovery at 25 C, 50 per cent RH. 25 


}. 4— Dielectric strength vs conditioning time in 
( distilled and seawater, recovery at 25 C, 50 


per cent RH. 








Mechanical degradation suffered by 


The behavior of these materials in recovering from the 
effects of humidity and water immersion is also reported. 

Electrical properties investigated included dielectric 
strength in both directions (parallel and perpendicular 
to forming pressure), dielectric constant and dissipation 
factor at several frequencies, and d-c volume and surface 
resistances. 


Results of these investigations show that seawater 


conditioning produced the most rapid and widespread 
deterioration of electrical properties and served to pre- 
vent full recovery of the materials. It was also demon- 
strated that an increase in temperature of the immersion 
medium accelerated the deterioration of phenolic materials 
considerably. 

Mechanical properties studied were flexural and com- 
pressive strength in both the flatwise and edgewise direc- 
tions. The progressive effects of immersion in both 
distilled water and synthetic seawater at two temperatures 
were investigated as well as the effects of prolonged 
drying following the various immersion cycles. 

All of the materials investigated suffered degradation 
of mechanical properties, due to conditioning. In general. 
some recovery was effected upon drying, but original 
strength was rarely attained. It is noteworthy. however. 
that GSG material was only slightly affected by immersion 
and, upon recovery through drying. showed negligible 
permanent deterioration. 

Conditioning Procedures. To achieve as repre- 
sentative a sampling of test specimens as possible with 
a minimum of material, specimens were selected at 
random according to standard procedures. All specimens 
were exposed to standard laboratory conditions (23 C, 
50 per cent RH) for at least 168 hr prior to immersion 
or humidity conditioning. “As received” values were 
determined on specimens after exposure to standard 
laboratory conditions, but before immersion or humidity 
conditioning. 

Immersion. Samples were immersed in glass tanks 
containing either distilled or synthetic seawater prepared 
in accordance with Navy Specification 52V13F. Phenolics, 
melamines and silicones were kept in separate baths to 
prevent possible interaction among resin types. The im- 
mersion baths were placed in thermostatically controlled 
ovens which maintained the required temperature within 
1.1 C. In all cases, distilled water at the proper tempera- 
ture was added periodically to replenish water lost by 
evaporation. After a period of time, the baths containing 
the phenolic materials showed evidence of microscopic 
growth, which also appeared on the surfaces of the 
specimens. When this was observed, the baths were emp- 
tied, the specimens and glass containers cleaned. and the 
specimens reimmersed in a freshly prepared immersion 
medium. 

Specimens removed for evaluation of “wet” properties 
were wiped dry and immediately tested. Specimens re- 
quired for recovery studies were removed from the baths 
at the end of the required immersion period and allowed 
to dry in the standard laboratory ambient. 

High Humidity (96 per cent RH). Specimens for di- 
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electric-strength measurements at 96 per cent RH were 
conditioned in the upper chambers of glass desiccators 
containing saturated potassium sulfate (K2504) solution 
in their lower compartments. Where elevated temperature 
was required in addition to high humidity, the desiccators 
were placed in ovens maintained at the required tempera- 
ture. The properties of the saturated solution permitted 
this step without significant humidity change. 

Dielectric constant, dissipation factor, volume resistance 
and surface resistance were measured while the specimens 
were in the high humidity ambient. To accomplish this. 
special humidity chambers were constructed. These cham- 
bers provided means for making electrical contact with 
the electrodes of the specimens without introducing signifi- 
cant leakage paths between electrodes. Means for making 
electrical connection with the electrodes of the specimens 
from outside the chamber were also provided. 

Measurement Methods and Apparatus. Dielec- 
tric breakdown and dielectric strength measurements were 
made using a 50-kv, 5-kva transformer with automatic 
rate of rise control. Where the dielectric strength was 
beyond the range of this apparatus, a 150-kv, 75-kva 
transformer was employed. The measurements were con- 
ducted with the specimens immersed in a bath of trans- 


FIG. 5—Dielectric strength vs condi- 
tioning time in. 50 C distilled and sea- 
water, recovery at 25 C, 50 per cent RH. 
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all laminates under conditioning .. . 


foriner oil maintained at the final conditioning tempera- 
ture. Two-inch diameter brass electrodes with edges 
rounded to 14-in. radius were used in measuring dielectric 
strength parallel to forming pressure. 

Dielectric strength parallel to forming pressure was 
measured on 4-in. x 4-in. x Yg-in. specimens cut from 
stock sheets of material. The determination for each time 
interval of exposure or recovery required five specimens. 
Two specimens were used for the short-time test and 
three for the step-by-step test. The results of the short- 
time measurements were employed in obtaining the initial 
voltage of the step-by -step test. 

Dielectric breakdown transverse to forming pressure 
was measured on 2-in. x 3-in. x 1%-in. specimens. Two 
holes were drilled and reamed for No. 3 Morse tapered 
pins | in. between centers on the long axis of the specimen 
and equidistant from the short axis. As in the case of 
dielectric strength measurements, five specimens were 
employed for each determination. Two specimens were 
measured by the short-time method and three by the 
step-by-step method. 

Dielectric constant and dissipation factor measure- 
ments at 100 eps and | ke were conducted using a General 
Radio Company type 716 B capacitance bridge and asso- 


FIG. 6—Dielectric constant vs conditioning 
time at 1 ke in 96 per cent RH, 25 C, recov- 
ery at 25 C, 50 per cent RH. 
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ciated auxiliary equipment. The | mc measurements were 
performed using a General Radio Company type 516 C 
r-f capacitance bridge. In all cases, an external substitu- 
tion method of measurement was employed. Five speci- 
mens of each material, 4 in. square and 14 in. thick, were 
tested at each conditioning using DuPont 4817 silver-paint 
electrodes. In addition, two specimens of each material 
for each type of conditioning were evaluated using sprayed 
metal electrodes. 

Volume and surface resistances were measured with 
a General Radio Company type 544 B megohm bridge. 
The two measurements were performed using a single 
setup employing a three-terminal guarded-electrode sys- 
tem. Surface resistance was obtained by interchanging 
the guard and unguarded connections after performing 
the volume resistance measurement. 

{ll methods of measurement were in accordance with 
the following ASTM standards: D 257-49T—Test for 
Electrical Resistance of Insulation (Volume and Surface 
Resistance) ; D 150-47T—Test for Power Factor and Di- 
electric Constant; D 149-44—Test for Dielectric Strength 
of Electrical Insulating Materials. 

After prolonged exposure to high humidity, several of 
the silver-paint electrodes lost considerable conductivity, 


FIG. 7—Dissipation factor vs conditioning time 
at 1 ke in 96 per cent RH, 25 C, recovery at 
25 C, 50 per cent RH. 
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--.- most detrimental effect on laminates 


evidently caused by flaking of the paint. To overcome this 
difficulty, sprayed metal electrodes of the same dimensions 
as the silver-paint electrodes were applied to additional 
specimens. Suitable masks for the specimens were con- 
structed and the specimens were coated with aluminum 
sprayed-metal electrodes. To obtain good adhesion. the 
surfaces were prepared by moderate sandblasting. Tests 
indicated that the results obtained using sprayed metal 
electrodes were equivalent to results obtained with silver- 
paint electrodes. The guard ring was omitted in applying 
electrodes on specimens for dielectric constant and dis- 
sipation factor measurements but was used in specimens 
for volume and surface resistance measurements. 

Mechanical investigations were carried out on the 1-in. 
thick materials and were limited to immersion studies. 
The particular properties studied included flexural and 
compressive strengths in both the flatwise and edgewise 
directions. Procedures employed followed the methods 
described in Federal Specification LP-406 except as noted 
below. Compressive strength specimens were 1-in. cubes: 
edge-loaded compressive specimens were tested in the 
lengthwise direction. Flexural specimens were nominally 
5-in. x Y%-in. x Y%-in., with the 5-in. dimension cut length- 
wise from the sheet, and were tested as simple centrally 
loaded beams over a 4-in. span. A Southwark-Tate-Emery 
Multi-Range hydraulic testing machine was employed. 

Determinations were made at intervals of immersion up 
to 4500 hr, and recovery (drying) periods up to the same 
length of time. The flexural and compressive properties 
of GMG, PBE, and FBG were studied after immersion in 
distilled water and in synthetic seawater at 30 C and at 
50 C. Studies of GSG material were limited to the effects 
of immersion in synthetic seawater at 25 C and at 50 C 
on the flexural strength of the material. 


Test Results. results of the electrical 


measurements are shown in Figs. | through 7. The effects 


Typical 


of immersion and humidity conditioning are shown in 
broken 


lines. The curves of dielectric strength. volume and sur- 


heavy lines and the recovery conditioning by 
face resistance have been plotted to semi-logarithmic 
scales to permit fitting the curves to a convenient and 
compact size. The use of these scales does not necessarily 
imply any exponential relationships in the properties so 
exhibited. 

Figs. 8 through 11 typify the results of the investiga- 
tion of the effects of immersion and of post-immersion 
drying on the mechanical properties of the materials 
investigated. Table | summarizes the effects of long-time 
immersion and of extended drying following the immer- 
sion period, 

Discussion of Results. Figs. | and 2 show thal 
25 C, 96 per cent RH exposure resulted in considerable 
decreases in volume and surface resistance of all materials 
investigated. Glass-silicone laminate (GSG) demonstrated 
the highest values of electrical resistance during humidity 
conditioning. Throughout the conditioning period its vol- 
lume resistance was at least two decades higher than that 
of any of the other materials. and. for most of the con- 
ditioning period its surface resistance was at least one 
decade higher. The greatest overall loss of both volume 
and surface resistance. however. was observed for this 
material. The superiority of GSG was maintained only 
because of its extremely high initial values. An upward 
trend in the volume resistance of GSG was observed at 
about 100 hr of conditioning. Following this period of 
rise. the downward trend was again resumed at a much 
reduced rate. 

Since the other materials in the same chamber did not 


Table I—Strength Retention of Plastics Laminates After Immersion and on Recovery 


\ 


Percent of initial flexural strength retained 


Laminate Face loaded Kdge loaded 


lmmersion® Recovery! Immersion® Recovery 


Paper-base phenolic (PBE) 30 10 65 85 
Fabric-base phenolic (FBG) 70 75 75 75 
Glass-melamine (GMG) 50 80 50 80 
Glass-silicone (GSG) 85 100 85 90) 


B. Percent of initial compressive strength retained 


Laminate Face loaded K:dge loaded 


Immersion® Recovery” Immersion® Recovery 


Paper-base phenolic (PBE) 15 80 40 75 
Fabric-base phenolic (FBG) 80 90) TO 85 
Glass-melamine (GMG) 80 80 50 70 


* Immersion 


Average percent of initial strength retained after long time immersion up to 4500 hr 
J Recovery 


Average percent of initial strength retained after extended drying up to 4500 hr preceded by 4500 hr of immersion. 
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wo 


caused by seawater plus temperature rise 


experience a similar reversal of trend, it is assumed that 
the reversal observed in GSG material was not caused by 
changes in relative humidity of the chamber. Further- 
more. a corresponding reversal of trend was also observed 
for the surface resistance recovery characteristic of this 
material. thus leading to the belief that this phenomenon 
is in some way inherent in the material. The volume re- 
sistance recovery of GSG was so rapid that within 50 hr of 
drying its value had risen beyond the range of the measur- 
ing instruments. The surface resistance of GSG material 
recovered rapidly but did not quite attain its initial value. 
It is likely that the slight loss was due to contamination 
of the surface during conditioning. 

Glass-melamine laminate (GMG) exhibited compara- 
tively rapid and extensive loss of both volume and surface 
resistance as a result of high humidity conditioning. The 
relative standing of GMG with respect to the effect of high 
humidity on its electrical resistance properties is about 
intermediate between GSG and the phenolic materials. 
PBE (paper-base) and FBG (fabric base). GMG is note- 
worthy for its rapid attainment of equilibrium in both 
exposure and recovery conditioning. 

Both phenolic materials exhibited comparatively poor 
volume and surface resistance. In the “as received” con- 
dition the values of these properties were considerably 
lower than those of the silicone and melamine materials. 
PBE exhibited a slower rate of decline of volume resist- 
ance than any of the other materials. On the other hand. 
it also exhibited little tendency to halt its decline even 
after 1000 hr of exposure. FBG was somewhat better in 
this respect. showing some leveling off near the end of 
the conditioning period. Of the two materials, FBG was 
slightly poorer in volume resistance and slightly better 
in surface resistance. 

Dielectric strength measurement made on the parallel- 
to-forming-pressure basis were conducted under various 
combinations of conditioning mediums and temperatures, 
primarily to determine if any significant or special effects 
are produced by such variations. Three conditioning 
mediums were employed, namely, 96 per cent RH, dis- 
tilled water immersion, and seawater immersion. Two 
temperatures of each of these conditioning mediums were 
utilized, 25 C and 50 C. The higher temperature condi- 
tioning of PBE and FBG materials produced more rapid 
and extensive decreases in dielectric strength than cor- 


responding conditioning at 25 C. The converse was true 
of GMG material, where slightly higher values of dielec- 
tric strength were observed for 50 C conditioning than 
for 25 C. No significant difference due to the temperature 
of the conditioning medium was observed for GSG 
material. 

The conditioning medium most detrimental to the di- 
electric strength properties of the materials was seawater. 
For this conditioning, all materials were reduced in dielec- 
tric strength more rapidly than for the other conditionings 
at the same temperature level. Furthermore. seawater 
conditioning was the only one in which a permanent loss 
of dielectric strength after 1000 hr of recovery was evi- 
dent. This inability to recover fully after seawater con- 
ditioning was also observed in measurements of dielectric 
breakdown specimens exposed to similar seawater immer- 
sion conditioning. 

With the exception of GMG (and particularly in the 
case of phenolic materials) the detrimental effects of 
increasing the temperature of a particular conditioning 
medium were greater than those due to changing from 
distilled water to synthetic seawater. 

PBE and FBG materials required extremely long ex- 
posure and recovery periods to reach equilibrium values. 
In most cases. GMG and GSG attained equilibrium values 
within a few hundred hours of conditioning. 

Short term conditioning. in general, did not vield 
results comparable to long exposure. Conclusions based 
on conditioning of less than 200 hr may result in a relative 
order of quality of materials quite different than obtained 
for much longer conditionings. A conditioning frequently 
employed in military specifications for dielectric strength 
and breakdown measurements is that of distilled water 
immersion at 50 C for 48 hr. The results obtained in this 
investigation after such exposure are shown in Table II. 
These data are compared with the results of carrving the 
exposure to relative equilibrium at 1000 hr. 

In both dielectric strength and dielectric breakdown 
measurements, 48 hr of conditioning resulted in values 
for PBE that were higher than for GMG. However. 1000 
hr of conditioning indicated that GMG was ultimately the 
better material. 

Measurements for dielectric breakdown under trans- 
verse-to-forming-pressure conditions were conducted 
using distilled water and seawater immersion conditioning 


Table I1l—Comparison of Results of Short- and Long-Term Immersion Conditioning on Plastics Laminates 


Dielectric strength, vpm 


Laminate 


18 hr 
Paper-base phenolic (PBE) | 12 
Fabric-base phenolic (FBG) 38 
 ] 
5 


Glass-melamine (GMG) 2 
Glass-silicone (GSG) 250 
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Duration of conditioning 


Dielectric breakdown, kv 


Duration of conditioning 


1000 hr 48 hr 1000 hr 


30 10.5 4.4 
1.0 ae 

635 6.0 

a2. 0 | 0 
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at both 30 C and 50 C. The results obtained although not 
presented in this discussion, were found to be similar to 
those obtained for dielectric strength parallel to forming 
pressure under corresponding conditions. Observations 
and comments made in connection with dielectric strength 
measurements also apply to measurements of dielectric 
breakdown. 

Recovery of dielectric breakdown strength after sea- 
water immersion is, with a few exceptions, slow. The 
equilibrium values after recovery are often far below ini- 
tial (unconditioned) values. That this does not occur in 
the case of GSG material indicates that the conditioning 
medium does not penetrate this material. 

Certain similarities appear to exist between the trends 
observed in dielectric constant and dissipation factor, and 
the results obtained for other electrical properties ob- 
tained under similar circumstances. GMG material under- 
went the most rapid initial changes for all properties 
measured. GSG material experienced rapid changes for 
the relatively short duration of the first 100 hr and 
reached equilibrium sooner than the other materials. The 
stability of the GSG material was far superior to that of 
the other materials. FBG showed the lowest initial rate of 
deterioration of properties, but ultimately exhibited the 
poorest values. 

The dissipation factor measurements made on GMG 
material exposed to high humidity disclosed an unusual 
phenomenon. The behavior is illustrated in Fig. 7. In the 
curve of dissipation factor at 1 ke vs time of conditioning, 
GMG material initially increased to extremely high values 
of dissipation factor in the relatively short time of 50 hr. 
After this peak was reached a sharp decline followed 
which was again reversed at 150 hr of conditioning. The 
dissipation factor continued to rise at a less rapid rate 
for the next 300 hr, reaching another peak of about the 
same magnitude as the first, at 450 hr. Following this, a 
steady but less rapid decline than the first continued at an 
undiminished rate for the remainder of the 1000 hr 
conditioning period. 

These trends were substantiated by measurements of 
100 cycles and by repetition of the measurement using 
sprayed-metal instead of silver-paint electrodes, and by 









conducting the conditioning in a considerably different 
type of humidity chamber. The possibility that the ob- 
served effects were due to changes in humidity seems to be 
ruled out by the fact that the other materials in each 
of the two types of chambers showed no behavior indi- 
cating that humidity changes had taken place. It is also 
quite improbable that such changes in humidity would 
occur in essentially the same manner while conditioning 
chambers of considerably different type were employed. 

The results obtained on PBE and FBG for dielectric 
constant and dissipation factor correlate with the results 
of measurements of the other electrical properties made 
under corresponding conditioning. These two materials, 
in all measurements, exhibited less tendency to reach 
equilibrium than the GMG and GSG materials. Both PBE 
and FBG, when first subjected to conditioning, deteri- 
orated at a slower rate than the glass-filled materials. 
However. over long periods of conditioning, deterioration 
generally progressed well beyond that of GMG or GSG. 

Generally, the effect of water immersion was to decrease 
progressively the mechanical strength of the laminates 
evaluated. Practically all of the mechanical strength de- 
terioration occurred within the first 200 hr of immersion. 
Drying of the materials after 4500 hr immersion effected 
partial recovery of strength within the first 200 hr of the 
drying period. The properties of the materials after ex- 
tended drying are of particular significance since they 
afford a measure of permanent deterioration caused by 
water immersion. 

There was little apparent difference in the effects of 
mechanical properties caused by synthetic seawater im- 
mersion as against immersion in distilled water, nor was 
there any appreciable difference in effects at 30 C as 
against 50 C. 

Of the laminates investigated, PBE material was the 
most seriously affected mechanically by water immersion. 
The flexural strength of the laminate was severely de- 
creased, particularly in the face-loaded direction. Much 
of the edgewise flexural strength was recovered upon 
drying but the face-loaded flexural strength showed severe 
permanent deterioration even after 4500 hr of drying. 
Both edge and face compressive strength were also 


=> amt ab mec 













severely decreased on immersion and only recovered mod- 
erately on drying. 

Upon immersion, FBG suffered moderate deterioration 

both flexural and compressive strength, both edgewise 
and flatwise. A certain amount of compressive strength 
was recovered upon drying but there was practically no 
recovery in flexural stzenath on drying, that is, the ma- 
terial was permanently el ie by immersion. 

The flexural strength, both face and edge, of GMG ma- 
terial was markedly reduced on immersion; moderate 
recovery in flexural strength occured on drying. Face and 
edge compressive strength were also reduced on immer- 
sion, the latter to a much greater extent. 
drying was moderate. 


Recovery on 


Investigation of GSG material was limited to studies of 
flatwise and edgewise flexural strength on immersion in 
synthetic seawater at 25 C and at 50 C, and of the effects 
of post-drying following 4500 hr of immersion. Based on 
the limited data obtained, it appears that of the four 
materials investigated, GSG was the least affected by im- 
mersion. Immersion caused a relatively slight deteriora- 
tion in flexural strength, both flatwise and edgewise. Upon 
drying, almost all of the loss in strength was recovered. 

Conclusions. 


investigations that the glass-silicone material is superior 


It is evident from the results of these 


to the other materials tested under high humidity condi- 
tions or when wet. On the other hand, the remaining ma- 
terials investigated showed little correlation between their 
mechanical and electrical properties. 

It is of interest that the temperature (30 or 50 C) and 
type of immersion medium (distilled or seawater) pro- 
duced little difference in the results of the mechanical 
investigations, but were of primary importance in the 
The effect of the small increase 
in temperature from 30 to 50 C appears to be more detri- 
mental to electrical properties than the change from dis- 
tilled to seawater. As might be expected, the most deleter- 
ious conditioning was the combination of seawater and 
elevated temperature. 


electrical determinations. 


The penetration of salt water as- 
sisted by the elevated temperature served to produce the 
most rapid deterioration and to permanently damage the 
electrical properties of all the materials. 
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The results of the investigations demonstrate the haz- 
ards of drawing conclusions about insulating materials 
based on short duration of conditioning. The prevalent 
practice of employing 24- or 48-hr conditioning in mois- 
ture resistance evaluations does not permit a reliable 
evaluation of the ultimate moisture resistance characteris- 
tics of materials. 
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FIG. 11—Flexural strength (edgewise leaded) 
vs time of immersion in seawater at 50 C and 
after subsequent drying. 
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RELAYS ARE OFTEN USED in conjunction with electron ori 
tubes to obtain simultaneously the advantages of both A 
devices. Tubes and associated circuits provide high sensi- 


tivity for operation from feeble control signals, and re- 
lays provide high power handling capacity, flexibility of | du 


=| connections and multiplicity of load circuits. pli 
ectron ll é Both gas-filled tubes. such as thyratrons, and vacuum - 
tubes are suitable for use with relays. With either, the 

plate current may vary in proportion to the changes in 


















pe 
the signal voltage, or it may change abruptly when the th 
@ & signal voltage reaches a critical value. The control and far 
Circuits power supply voltage may be either alternating or direct pl 
current. The only proviso is that if alternating is used, ke 
the frequency of both voltages be the same. R. 
In circuits where the plate current is proportional to " 
the signal voltage, consistent performance requires that Cc. 
the relay have good repeatability of pull-in and drop-out ‘i 
Relays are often used current. Also, the percentage differential between the wy 
pull-in and drop-out current of the relay should be equal @ 
in conjunction with electron to or less than the percentage differential of the cor- th 
: aa hs responding values of the signal voltage. This means a] 
tubes to combine circuit merely that the relay, as a component, should be more 
flexibility and high sensitivity. mie to change than is the circuit of which it is - 
é . te 
Relay current may be proportional Thyratron Circuits. A relay in a thyratron plate ‘“ 
; ; : circuit is shown in Fig. 1. In this case the average plate 
to input signal, or it may current is proportional to the signal voltage. The a-c 5 
increase abruptly when signal signal voltage is attenuated by the potentiometer to s 
permit selection of the signal level at which the relay a 
reaches a critical value. closes. In systems where the signal voltage is small, the 5 
ie ly potentiometer should be located in the grid circuit of 
Circuits for both vacuum and gas- the last stage of the stabilized amplifier to minimize hum | 
filled (thyratron) tubes pickup. The signal and thyratron plate voltage must be ¥ 
; of the same phase. The amplifier is isolated from the 
are reviewed. thyratron by a cathode follower circuit* to keep thyratron : 
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grid currents out of the feedback circuits of the amplifier. 
A series capacitor isolates the thyratron grid from the 
d-c cathode potential of the cathode follower. As the 
signal increases, the thyratron fires sooner in the con- 
ducting half-cycle, causing a rise in the average thyratron 
plate current. The relay operates when the average cur- 
rent reaches the pull-in value. 

Grid bias for the thyratron is provided by the d-c 
power supply through the voltage divider which raises 
the cathode above ground potential. After the thyratron 
fires. the grid becomes slightly positive because of the 
plasma. charging Cy through Ry and Ry. This tends to 
keep the grid positive. The charge on Cy leaks off through 
R: when the tube is non-conducting. The remaining 
charge makes the tube fire earlier in each cycle than with 
Cy uncharged. Consequently, the thyratron plate current 
will be greater for a given signal level than before C. 
was charged. This results in electrical backlash in the 
erid circuit. This reduces the signal voltage at which 
the relay drops out to a value less than that with Cs 
absent. 

Resistors Ry, and R; limit the peak grid and _ plate 
currents to safe values. Capacitor C,; may be required 
to prevent relay chatter unless the relay is designed to 
operate on ac. 

The filter Rg and Cy prevents modulation of the power 
supply by the cathode follower at signal frequency. Re- 
sistors R,, Ry and R,, determine the input resistance 
and grid bias voltage of V,. They are chosen to yield 
50 volts peak from the cathode follower. 

The circuit of Fig. 1 may be modified to cause the 
plate current to rise abruptly from zero to its maximum 
value by introducing a phase shifting network as shown 


*See “Cathode Followers as Control Elements’, C. N. Fallier, Jr., Evecrricar 
Manvractruntne, August 1954, p. 114. 
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in Fig. 2. This network is adjusted to bring the signal 
at the cathode follower to its peak value when the thyra- 
tron plate voltage is just above zero on the positive half- 
cycle. This causes the thyratron to fire almost at the very 
beginning of the conducting half-cycle. The result is 
maximum average relay current for a given peak plate 
current. A slight shift in phase of signal with respect to 
plate voltage will cause little change in instantaneous 
grid voltage at the instant of firing since the time rate 
of change of voltage is zero at the peak of the wave. 
This minimizes drift in critical signal level due to small 
shifts in signal phase. 

The backlash provided by Cy and Rs is more pro- 
nounced in the circuit of Fig. 2 than Fig. 1. In Fig. 2 
the d-c charge on Cy is zero until the thyratron fires, at 
which time the relay pulls in. The drop-out signal voltage 
is depressed below the pull-in value by an amount cor- 
responding to the d-c voltage on Cy. In the circuit of 
Fig. 1 the pull-in and drop-out signal voltages are both 
depressed since the thyratron can fire for signals below 
that at which the relay pulls in. The backlash in Fig. 1 
corresponds to the difference in depression of drop-out 
and pull-in signals. This is less than the depression of 
the drop-out signal. 

The circuits shown in Figs. 1 and 2 are used to con- 
trol alarms and initiate mechanical corrective measures 
in conjunction with continuous gaging equipment. The 
backlash feature enables the system to be corrected to 
a point well within the gage limit. The degree of back- 
lash determines how far within the gage limit the produc- 
tion process must be corrected before the relay drops 
out to terminate corrective action. 

Automatic Lock-in. If the thyratron plate voltage 
is direct current, as in Fig. 3, the thyratron will fire on 
increasing signal voltage, but will not be extinguished 








as the signal is reduced. This is useful where an alarm 
necessitates human attention or must be manually 
recorded after the alarm condition has ceased to exist. 
The thyratron can be returned to grid control by momen- 
tarily removing the plate voltage while the grid signal is 
below the critical value. The backlash elements and 
capacitor Cs serve no purpose and are omitted. 

Amplitude and Phase Shift Control. Some thyra- 
tron circuits use bridge circuits for control. These circuits 
are used, for example, to maintain constant temperature 
in electrically heated devices. High sensitivity is possible 
in bridge circuits because of rapid phase changes near 
the balance point. The phase change occurring as the 
bridge passes through balance would be an abrupt 180- 
deg change accompanied by zero signal output at balance. 
However, stray capacitances in the bridge arms may 
result in a finite output voltage at null. This can serve 
to maintain some signal on the thyratron grid at all 
times. The result is a phase change smaller than 180 deg 
on passing through null, accompanied by a larger grid 
signal. 


One such circuit, shown in Fig. 4, is capable of main- 
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FIG. 5—Light pulse falling on phototube controls 
this circuit. Pieces of flint of proper length and 
longer cut off light completely to phototube, fire 
the thyratron and operate the relay. This causes 
the flint to be deflected into the accept channel. 
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taining the temperature of an electrically heated oven 
to within 0.2 C. This control and the resistance tempera- 
ture detector used with it have been manufactured by 
Thomas A. Edison, Inc. to maintain molten type metal 
at the proper temperature in typesetting machines. 

The bridge consists of the standard resistance R, ad- 
justed to be equal to the resistance of the resistance 
temperature detector R. at the desired operating tempera- 
ture. The remaining two arms of the bridge consist of 
the center-tapped winding on 7,. This winding also 
supplies the heater of the thyratron. The signal trans- 
former 75 amplifies the bridge output voltage. Capacitor 
C, is used to adjust the phase of the grid signal so that 
the thyratron will fire in the first quarter of the con- 
ducting half-cycle of anode voltage. As the temperature 
of the resistance temperature detector falls, its resistance 
decreases to approach bridge balance, the negative grid 
signal on the thyratron decreases and it fires. A moderate 
amount of electrical backlash is introduced by C. and 
R.,. The relay with normally open contacts in the thyra- 
tron plate circuit energizes the oven heater when its con- 
tacts are closed and de-energizes it when the temperature 
rises 0.1 or 0.2 C above the control temperature to cut 
off the thyratron. 

The relay is selected for its ability to operate on a 
half-wave rectified current, for long life and repeatabil- 
ity. Its mercury contacts are hermetically sealed and con- 
sequently protected against corrosion. The actuating 
mechanical system consists of a magnetic metal float in 
a pool of mercury. When the relay is energized the metal 
float is drawn down into the mercury causing its level 
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FIG. 4—Temperature 
controller circuit 
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FIG. 3—Thyratron circuit having d-c 
plate voltage and a-c signal voltage. 
Relay locks in until it is manually 
released. 
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to rise so that it bridges the electrodes which make up 
the contact circuit. The bearing surfaces in the relay 
consists of the metal float against the inner wall of a 
glass tube. Mechanical wear and friction are minimized 
with resultant long life and uniformity of the pull-in 
current of the relay. 


Photoelectric Pulse Control. Fig. 5 shows a thyra- 
tron controlled by a photoelectrically generated pulse. 
The thyratron anode voltage is direct current and this 
is interrupted each time the relay operates to restore 
the tube to grid control. 

The function of the particular system is to deflect 
moving pieces of flint exceeding a minimum acceptable 
length into Channel 1, but permit shorter ones to pass 
into Channel 2. The circuit functions as follows: Light 
from lamp passes through the slits in the light shield and 
falls on the phototube. The current passing through R, 
keeps the thyratron grid negatively biased so that no 
plate current flows. When a flint passes between the light 
and photocell, some light is blocked. The light intensity 
and photocell operating point are so adjusted that all 
light must be simultaneously blocked from both. slits 
by the passing flint to reduce the voltage drop in R, 
to the point where the thyratron will conduct. When this 
occurs. a vane fastened to the relay armature deflects the 
passing flint into Channel 1. As the relay is energized. 
its normally closed contacts open, removing plate voltage 
from the thyratron and restoring the tube to grid control. 
This system operates reliably with flints passing at the 
rate of five a second. Since the long flints are to be 
accepted, a thyratron failure will not cause short ones 
to be accepted. Care must be exercised in selecting the 
relay and establishing thyratron plate voltage to keep 
both instantaneous and average relay current from ex- 
ceeding thyratron ratings during all rates of flint flow 
to be encountered in practice. Resistor Ry and capacitor 
C, form a spark-quenching circuit to protect the relay 
contacts. 

Liquid Level Control. lig. 6 illustrates the use of 
d-c grid and plate voltages in conjunction with thyratrons. 
Two phototubes. two thyratrons and a relay control a 
pump to maintain a partial vacuum between prede- 
termined limits. Liquid in a manometer connected to 
the vacuum system forms the pressure sensing element 
and controls the system by blocking or deflecting light 
from one or the other phototube depending on the exist- 
ing pressure in the vacuum system. The photoelectric 
sensing of liquid level in the manometer tubes lends a 
wide range of flexibility to the system. The pressures at 
which the pump motor starts and stops are individually 
controllable by adjusting the heights of the two photo- 
tubes. 

The phototube circuits are arranged so that the thyra- 
tron grids are held negative in the presence of light 
falling on the phototubes. The figure illustrates condi- 
tions at minimum pressure difference between the gases 
over the liquid in Columns | and 2 of the manometer. 
The liquid in Column 2 has risen to block the light to 
phototube No. 2. Zero current in grid resistor Rs of 
thyratron } permits it to conduct, energizing the relay 
which starts the pump motor. As the vacuum increases. 
the liquid level in Column 1 rises and that in Column 2 
falls. When phototube No. 1 is blocked by the liquid in 
Column 1 the grid bias on tube V; is reduced and it 
conducts. connecting the positive terminal of capacitor 
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C, to the cathode bus. The plate of tube Vy 1s cut off 
by the negative charge on C, to de-energize the relay 
and stop the pump motor. 

The relay coil current and impulse current in C; should 
never exceed thyratron anode ratings. The capacitor 
must be large enough to provide adequate negative volt- 
age on the thyratron anodes for a time interval exceeding 
the de-ionization time of the thyratrons to assure reliable 
commutation. This depends on the de-ionization time of 
the thyratrons, the resistance, inductance and capacitance 
of the thyratrons’ anode circuit and the voltage of their 
anode supply. 

Vacuum Tube. Fig. 7 illustrates the use of a relay 
energized by a vacuum tube with d-c plate and signal 
voltages. The signal is generated by the gas phototube 
and the relay current is proportional to the grid voltage 
applied to the amplifier tube. 

In the absence of light on the phototube, the grid of 
the amplifier draws approximately 3 microamp, the grid- 
cathode voltage is virtually zero and maximum current 
flows through the relay. When light falls on the photo- 
tube the voltage drop in R, permits the grid to drop 
below the cathode potential, and the plate current de- 
creases. The relay drops out when the phototube current 
rises to the point where the plate current falls to the 
drop-out current of the relay. The phototube current at 
which the relay operates depends on the setting of the 
potentiometer P,. If this is adjusted for the relay to 
pull in at a specific phototube current, the drop-out cur- 
rent is determined by the differential of the relay. Con- 
versely, if the drop-out phototube current is set, the 
pull-in current is determined by the relay differential. 












FIG. 6—Thyratrons having d-e plate and signal 
voltages operate the relay of this liquid level 
control. 
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FIG. 7—Vacuum tube circuit with d-c electrode 
and signal voltages. Relay current is inversely 
proportional to phototube current. 


A circuit in which the relay current increases directly 
with phototube current is shown in Fig. 8. The 1-megohm 
grid resistor prevents excessive grid current at high light 
levels. The relay closing current used in these circuits 
is approximately 4.2 ma and the opening current 2.2 ma. 
These types of circuits are most useful where a large 
change in light intensity takes place abruptly. 

Trigger Circuit. A circuit of two vacuum tubes and 
two relays operated with d-c signal and electrode voltages 
is shown in Fig. 9. The signal voltage for relay pull-in 
and electrical backlash are independently adjustable. Two 
channels are incorporated into the system to provide 
means for maintaining an automatically regulated proc- 
ess within predetermined limits. When the process is 
within gage limits, the relay controlled by the first chan- 
nel (low limit) is energized and the relay controlled by 
the second (high limit) is not energized. When the 
critical dimension on the product goes below the lower 
gage limit, the low channel relay is de-energized and its 
contacts operate a control motor to readjust the process 
and bring the product back within gage limits. The low 
channel is not re-energized till the product has been 
brought a predetermined distance within the gage limit. 
This distance is controlled by the setting of the backlash 
control. When the product goes beyond the upper gage 
limit both channels are energized and the control motor 
operates in the reverse direction to bring the product 
within the upper gage limit a distance determined by the 
high backlash control. 

The amplifiers will function with either positive or 
negative applied signals and can be adjusted to operate 
on low signal voltage. 

The amplifiers operate as follows: The d-c signal is 
applied to the voltage divider. R,; and R. which feeds 
the input grids of V; and Vs of the low and high chan- 
nels respectively. The operation of both amplifiers is 
identical. Grid current flowing into the amplifiers is 
limited to safe values by R», Rz and R,,. When the first 
erid of | ; is at cut-off voltage. the first plate is highly 
positive and the second half of V, is in full conduction 
so that the second plate is about 40 volts above the zero 
voltage bus. The grids of Vs are thus held below cut-off 
and the relay is de-energized. 

As the signal drives the first grid more positive the 
voltage at the first plate falls till the second grid falls 
below the common cathode potential, bringing the second 
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KiG. &—This circuit is similar to previous one 
except that relay current is directly proportional 
to phototube current. 


section of }, into its linear operating region so that its 
plate current begins to fall. This reduces the common 
cathode bias developed across P,. so that negative grid 
voltage on the first section is effectively reduced. The 
process is regenerative so that the second section of | , 
is immediately driven to full conduction. energizing the 
relay. 

Electrical backlash is effected in the following manner. 
The second section of V; has ', the plate load resistance 
of the first section so that the current in the backlash 
resistor P,. and also the potential of the cathodes. vary 
in the ratio 5 to 1 as the second and first sections are 
alternately at full conduction. The potential of the first 
grid must approach the cathode potential to enter the 
linear region of the first amplifier section. This is true 
whether the first or second section is conducting. The 
threshold of linearity of first grid voltage is consequently 
IR, for conduction transfer from section 2 to section | 


and ';—(/R»,) for transfer from section 1 to section 2 


The backlash voltage is (1—!,) (/Rp,). Consequently in- 
creasing P, increases the backlash. The limit is adjusted 
by setting the cathode reference voltage with Po. 

The cathode of Vs is maintained at 150 volts by the 
two voltage regulator tubes. As its grid is alternatively 
driven to 40 volts or to nearly 300, it is either beyond 
cut-off or saturated. Since the transition is virtually in- 
stantaneous due to the regenerative action, the relay cur- 
rent is either at its full value or zero. 

\ telephone-type relay, manufactured by C. P. Clare 
& Co.. is used. It is fitted with a snap-action limit switch 
instead of contact springs. The small switch can handle 
several amperes at 200 a-c volts when its contacts are 
protected by a spark-quenching circuit. 

The voltage regulating transformer maintains the tube 
cathodes and the negative 130-volt grid bias supply at 
constant voltage to insure adequate stability. The maxi- 
mum recommended heater cathode potential is 90 volts 
for the OSN7 tube. hence the separate heater supplies. 
If only one heater winding is available for the four 
ONS7’s. a resistive voltage divider should be arranged 
to maintain the common heater voltage 75 volts above 
the zero voltage bus. This would then have to be by- 
passed to prevent hum pickup. The electrical system is 
nol erounded to permit connection to a detecting gage 
whose output is not at eround potential. 

This relay system has been used in conjunction with 


ELECTRICAL MANUFACTURING 


— a oF OD 


an optical micrometer to control the diameter of insula- 
tion applied to wire in continuous production control. 
In cases where the gaging station is appreciably displaced 
from the correcting station in the process, the correcting 
motor must be pulsed with an off-time sufficiently long 
to permit measuring the effect of a correcting step be- 
fore the next step is permitted. This is essential to prevent 
overshoot and serious hunting. 

Self-Rectifying Circuit. Fig. 10 shows a gas photo- 
tube, triode and its relay load operated from the a-c 
power line without rectifiers. The Type 930 phototube is 
gas-filled and has a 90-volt maximum rating. Conse- 
quently the voltage divider (Ro. Ry) is necessary. The 
phototube load resistance R,, the phototube, resistors 
R,. R; and Ry may be considered as a bridge control- 
ling the triode. When no phototube current flows, the 
triode grid current flowing through R, on the positive 
half cycle of line voltage causes the grid to approach 
cathode potential. Maximum plate current flows through 
the relay to energize its armature. As increasing light 
falls on the phototube the voltage drop in R, increases. 
leaving the grid more negative. When the phototube cur- 
rent grows large enough, the triode plate current is 
reduced to the drop-out current of the relay. The voltage 
divider (Ry. R; and R,,) is designed to draw consider- 
ably more current than the triode to maintain triode 
cathode potential reasonably constant over the working 
range of phototube current. This prevents loss of sensi- 
tivity due to degenerative action in the cathode circuit. 
The threshold control, potentiometer R;, sets the cathode 
potential for zero phototube current. As its variable con- 
tact is moved toward Rg, plate-to-cathode voltage in- 
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creases and plate current increases. The associated lower- 
ing of cathode potential requires greater current flowing 
in R, to reduce the grid voltage and plate current to the 
relay drop-out point. The relay should be capable of 
operating on a few milliamperes to function properly in 
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FIG. 10—This circuit is a-c operated and uses a photo- 
tube and vacuum tube to operate relay. 
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Vacuum tube circuit used for process control. Relays are used 
to make physical adjustment to bring process within limits set by 


measure of process performance. 


















Thermally 


Long-term continuous operation at temperatures 


F. A. SATTLER, C. B. LEAPE, and J. SWISS 
WESTINGHOUSE ELECTRIC CORPORATION 


East Pittsburgh, Pennsylvania 





Stable 
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of about 135 C are indicated with an epoxy-modified 


polyester-amide enamel; a silicone-resin modification appears 


capable of similar performance at 115 C. 





To THE MANY contradictory property requirements of a 
magnet wire enamel must be added thermal stability, 
a property that has received special emphasis within the 
last several years. Due to its excellent thermal stability, 
an epoxy resin-modified polyester-amide has been studied 
for many years at the Westinghouse Research Labora- 
tories. Along with good thermal stability this type of 
resin also has good resistance to high temperature cut- 
through and to the solvent action of varnishes. refriger- 
ants, transformer oils and askarels. It has been used in 
the manufacture of electrical equipment now for about 
five years and has given a good account of itself. It has 
recently been given the trade name, Bondar. 

It may be useful at this point to summarize the prop- 
erty requirements of a wire enamel: In order to wind 
satisfactorily into equipment, a wire enamel must have 
good flexibility, adhesion to the conductor, scrape hard- 
ness, and abrasion resistance. After the enamel has been 
elongated in the winding operation, it must withstand the 
solvent action of a hot varnish in the varnish dip and 
bake cycle. In some applications such as in liquid-cooled 
transformers and in hermetic units, it must resist the 
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FIG. 1—Comparison of Bondar epoxy-resin-modified 
polyester-amide magnet wire enamel (Bondar) with 
polyvinyl acetal (Formvar): These helical coils have 
been extended after aging in transformer oil 460 days 
at 175 C. 


solvent action of the system for the life of the equipment. 
Thus the enamel must retain sufficient dielectric strength 
after winding, varnish impregnation and during operation 
of the equipment for many years. 

Laboratory tests have been devised by means of which 
the performance of a wire enamel can be predicted with 
a fair degree of accuracy. In the scrape hardness test the 
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insulated wire is drawn under a loaded 9-mil diam steel 
wire and the weight in ounces required to scrape 10 
per cent of the enamel off in one stroke is recorded. In 
the repeated scrape abrasion test a standard load is ap- 
plied to a 16-mil diam steel needle and the number of 
strokes required to scrape the enamel to bare copper is 
determined. 

To test for flexibility and adherence, the wire is 
rapidly elongated at room temperature to the failure 
point of the copper (jerk test). The enamel must not 
crack or sleeve from the copper and should break only 
where the copper breaks. Heat shock is tested by wind- 
ing the enameled wire on its own diameter and placing 
it in a 125 C oven for 1 hr. The enamel film must remain 
continuous during this test. Hot varnish resistance is 
determined by elongating the wire 10-30 per cent in 
5 per cent increments and determining the elongation 
that is crack-free after 20 hr immersion in a varnish 
at 125 C. 

Solvent resistance is determined by immersing enam- 
eled wire samples in toluene for 48 hr at room tempera- 
ture and measuring scrape-hardness retention. The cut- 
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through temperature is determined by raising the 


temperature of the enameled wire under a loaded knife 
edge in a heating chamber until the knife edge cuts 
through the enamel. 

An enamel based on polyvinyl acetal, generally re- 
ferred to as Formvar or (in complete magnet-wire form) 
as Formex, has been the most widely used wire enamel 
for many years. Typical laboratory test values obtained 
with Formvar, nylon, an oleoresinous enamel, and 
Bondar enamel are listed in Table 1. The Bondar enamel 
properties data compare well with those of Formvar and 
nylon-enameled wire. 

Other tests have been devised to anticipate perform- 
ance of an enameled wire in special systems. For example, 
in order to determine the relative resistance of enameled 
wires to hermetic refrigerating systems, it is standard 
practice to determine the per cent of extractables of the 
enameled wire in toluene and also in methanol. In this 
test the polyester-amide shows very low extractables as 
shown in Table II. 

Preliminary tests have also shown the polyester-amide 
to be superior to resistance to the refrigerant Freon 22 
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(monochlorodifluoromethane). In one test, straight wire 
samples were aged in sealed tubes in a Freon 22-oil mix- 
ture at 125 C. Periodically, tubes were cooled in dry ice 
and then broken. The toughness of the samples was 
determined by a quick scrape test after removal from the 
tubes. The data are only semiquantitative due to the 
rapid evaporation of the Freon 22, necessitating a very 
rapid scrape determination before sample recovery. Data 
are summarized in Table III. 

In order to compare performance in transformer oil. 
samples of Bondar enamel and Formvar on No. 17 
AWG wire were wound around a 0.400-in. mandrel and 
the coils were sealed in glass tubes in transformer oil 
under vacuum. After oven-aging at 175 C for 460 days 
with frequent heat cycling for observations, the coils 
were removed from the sealed tubes and both enamels 
were noted to be continuous and crack-free. The Bondar 
enamel film has retained considerably more adhesion 
and flexibility as compared with the Formvar enamel. 
When the coils were straightened, the Formvar peeled 
badly from the wire, while the polyester-amide was un- 
affected (Fig. 1). 

A number of laboratory tests have been used in order 
to determine the thermal stability or heat aging char- 
acteristics of an enameled wire. (],2)* The dielectric 
strength retention method has been used quite extensively 
to compare the relative thermal stabilities of enameled 
wires. In this test a number of standard NEMA dielectric 


* Italic numerals in parentheses apply to Cited References at end of article 
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twist samples are aged at various temperatures in air 
ovens and checked periodically for failure at a predeter- 
mined voltage. 

In Fig. 2 some dielectric strength retention life data 
are plotted for various commercial enamels on a log 
scale against temperature of aging on a reciprocal tem- 
perature scale according to the method suggested by 
Dakin. (3) The failure criterion here was 1000 volts for 
samples with an original breakdown of 5000 to 10,000 
volts. Ten samples of each material were aged at each 
temperature and the average life is plotted. The polyester- 
amide is appreciably better in thermal stability in this 
test than the other enamels. 

A comparison of Formvar and Bondar enamel in the 
same type of test is given in Fig. 3 with and without var- 
nish impregnation. The impregnant used here is an or- 
ganic varnish, and dielectric twist samples are merely 
dipped and baked before aging. It can be seen that the 
varnish impregnation aids the Formvar life considerably. 
but lowers the life of the polyester-amide enamel slightly. 
The impregnated polyester-amide shows approximately a 
30 C improvement in estimated operating temperature 
(100,000-hr life) over that of impregnated Formvar. 

In a flexibility retention test at 150 C the Formvar and 
Bondar enamel compare as shown in Fig. 4. Here the 
flexibility retained by the enamel is determined by 
mandrel tests periodically as the straight pieces of the 
enameled wire are aged in air ovens. The Formvar 
flexibility drops to 2 per cent elongation in 540 hr at 
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150 C while the Bondar enamel still retains 5 per cent 
elongation after 3200 hr aging. 

Accelerated motor life data (4) have been obtained 
comparing the Formvar system with the Bondar enamel 
system. In this admittedly very severe test, motors are 
reversed in short cycles in order to maintain a pre- 
determined elevated temperature, resulting in severe vi- 
bration. Th motors are cooled and humidified every 
48 hr. A plot of motor life vs temperature is given in 
Fig. 5. Data extrapolated from motors run at 225 C, 
200 C and 175 C show an 18,000-hr life (approximately 
2 years) for the Formvar system at 100 C operating 
temperature vs a 78,000-hr life (approximately 9 years) 
for Bondar enamel at the same temperature. 

Modification of the polyester-amide Bondar enamel 
with silicone resin raises the operating temperature as 
determined by the dielectric twist test by 25-35 F. Desig- 
nated by Westinghouse as No. 1267, a silicone-modified 
enamel has by now been used for more than a year in 
pilot-scale manufacture of Westinghouse motors. It has 
also seen service in certain transformers and in the coils 
of high-temperature relays. The enamel has been success- 
fully applied to all sizes of copper wire. Tests indicate 
that its use is possible for continuous operation of motors 
for 10 years at 325 F. 

The increase of the limiting temperature to 325 F will 
mean the reduction in the size of present motors. By 
using this new enamel to replace the glass insulation 
normally required for high-temperature motor windings 
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it should be possible to reduce the thickness of insulation 
by 50 per cent. This means a standard motor of, say, 
714 hp would be no larger in size than the average 5-hp 
motor of today. 

When it comes to use in refrigerators and home air 
conditioners, the new enamel is believed to be at least 
three times better than conventional wire coatings in its 
resistance to Freon 12 and 22. This is extremely impor- 
tant since these appliances use hermetically sealed motors 
that are exposed to the solvent action of the refrigerant. 
The new enamel also has unusual resistance to flow under 
pressure which occurs when enameled wire is tightly 
wound and wedged into the slots of a motor. This pres- 
sure causes the wire to eventually cut through less re- 
sistant insulation and to “short out.” O00 
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Repairable Plug-in Subassemblies 


Space and logistic problems in repairing malfunctioning 


shipboard electronic equipment are met by these Navy-designed 


modular subassemblies. They are easily removed and replaced so as 


not to interrupt operation, and are then repairable 


with standard-issue spare parts. 


WHEN AN EQUIPMENT FAILS, it is usually comparatively 
easy to isolate the trouble to a particular function. On the 
other hand, it is usually difficult and time-consuming to 
locate and replace the particular tube, resistor, or capac- 
itor that is causing the malfunction—especially if the 
trouble is intermittent. To locate the faulty function takes, 
at the most, a few minutes; to locate the faulty part takes. 
at the least, many minutes, and often hours or days. 

The design engineers at the Special Equipment Branch 
of the Navy Electronics Laboratory feel that maintenance 
men should not be asked to attempt to locate the faulty 
part while the equipment is inoperative. They feel that 
the complete faulty function should be replaced with a 
good one and the equipment returned to operation. Then. 


FIG. 1—Model I Series of NEL repairable plug-in sub- 
assembly packages: All packages are 2 in. wide, and, 
exclusive of plug, 454 in. high. The l-tube package is 114 
in. long; 2-tube package, 2% in.; 3-tube package, 3-13/16 
in.; and 4tube package, 5 in. long. FIG. 2—Internal 


the maintenance man would take the malfunctioning sub- 
assembly to a bench, locate the trouble, repair it, and 
place the repaired subassembly back into operating spares. 

The size of the subassembly that should be replaced 
for a malfunction presents a serious problem. It would. 
of course, be possible to replace entire receivers. trans- 
mitters, and similar major units, but the storage space 
required for spare units would be completely prohibitive. 
It was decided, after much discussion and many investi- 
gations, that the subassembly should be a complete func- 
tion within the unit. The breakdown into subassemblies 
can be made in the same manner that a block diagram is 
drawn to illustrate the functions within an equipment. 
Each block on the design is a subassembly. 


construction details of the Model I Series packages are 
shown in this illustration: Base and cap are die-cast 
aluminum, black-anodized for efficient heat absorption 
and radiation. Circuit packaged is two stages of a binary 
flip-flop. 






















































Another problem that arises from this approach is 
whether the subassemblies should be expendable or re- 
pairable. It appears that both will have a place in elec- 
tronics design for a long time. In comparatively short- 
lived equipment such as_ front-line communication 
equipment used by the Marine Corps or Army, or in 
certain equipment in aircraft, the expendable subassembly 
might well be the answer. for the relatively 
long-lived equipment used on shipboard, the problem of 
logistics and storage for spares becomes again paramouni. 
Several spares for each unique subassembly would be 
required. There just isn’t room for them on the ship, at 
the present state of the art. It becomes apparent that a type 
of subassembly package that is repairable with standard 
issue spare parts is necessary. The NEL Repairable Plug- 
in Subassembly Packages meet these requirements. 

Two different designs of these packages have been made 
at the Laboratory. The Model I Series units (Fig. 1) are 
formed from die-cast aluminum, black-anodized (inter- 
nally and externally) for efficient heat absorption and 
radiation. These packages are constructed in ]-tube (one 
envelope for single or dual tube), 2-tube, 3-tube, and 4- 
tube sizes. All are the same width and height—2 in. wide 
and, exclusive of the plug, 454 in. high. The length, of 
course, varies with the number of tubes in the package: 
the l-tube package is 11% in., the 2-tube package is 2° 
in., the 3-tube package is 3144, in., and the 4-tube pack- 
age is 5 in. long. Each package consists essentially of 
three major items: the base, the cover, and the parts 
board and brackets. (See Fig. 2.) 

The base contains the mounting holes, gasket groove. 
and mating socket recess for the 11-pin plug, the supports 
for the miniature tube-mounting bracket, the bosses for 
the captive screws and chassis-inserts that hold the pack- 
age in place, and a pair of slots for supporting the parts 
board, 


However, 


Within the cover are the tube-wells (with their tube- 
retaining springs). a pair of slots for supporting the parts 
board, and a space for the mounting of parts on the board. 
The parts board is essentially a special terminal board 
with holes punched and marked for terminals to cover 
all probable combinations of terminals required. The 
supporting brackets for the 11-pin plug and the miniature 
tube sockets bolt onto the parts board. 

Package design provides for maximum heat transfer 
and for environmental protection for the enclosed parts. 
The 11-pin interconnection plug is recessed into the base 


FIG. 3—Envelope temperatures attained by the tubes of 
a “heat test circuit” in various types of enclosures. Curves 
Nos. 5 and 6 are for circuits in a 2-tube package. Curve 
No. 1 is for tube shield made by International Electronic 
Research Corp. FIG. 4 
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so that the flat metal base of the package comes into in- 
timate contact with the mounting surface. This allows efh- 
cient heat transfer, and permits use of a heat-transmitting 
gasket to prevent moisture from reaching the socket. The 
base and cover are held together by four screws extending 
through the base into threaded holes in the cap. A gasket 
between the base and the cap makes the unit drip-proof 
when assembled. 

Owing to the excellent heat conduction and radiation, 
tubes run cooler in the packages than they do in the same 
circuit in open air or in standard-type shields. Graph 

Fig. 3 shows the tube envelope temperatures of the 
same circuit operating in different enclosures. The cir- 
cuit that was used for the tests was designed for maximum 
inefficiency in order to determine what would happen 
under conditions that would be worse than any en- 
countered in normal design. Curves 5 and 6 are for the 
circuits in a 2-tube package. Curve 6 is for a unit with a 
copper sleeve in intimate contact with the tube surface and 
with the walls of the package. (See Fig. 4.) These results 
led to the development of a new type of shield made of 
copper braid. (See Fig. 5.) The packages run even cooler 
with this shield and meet all of the requirements of speci- 
fication MIL-E-16400 (Electronic Equipment, Naval Ship 
and Shore; General Specification ). 

These packages have been quite successful. Over 5000 
of them have been used. One contractor for NEL equip- 
ment has used approximately 4500 units. Despite the cost 
of the packages, he states that they are the cheapest method 
of electronic construction that he has ever tried because 
his engineers are able to release circuits to the assembly 
line earlier, and the assembly line does not have to be as 
skilled. The packages are easier to check and there is a 
lower number of rejects. 

While the Model I Series of packages provided a satis- 
factory packaging method, the experience gained in the 
use of approximately 5000 units indicated need for im- 
provements. The parts board on the Model I Series was 
a little too close to the side of the cover. If a workman 
was careless in soldering, there was a chance of a short. 
The 1l-pin interconnection plug did not always have 
enough contacts for some of the larger-size units. Also, 
since it protruded from the base, 


it was subject to 
damage. 


The process of casting the tube wells as an 
integral part of the cover did not allow sufficient flexibil- 
ity when it was desirable to use large components. None 
of these faults was serious, but in attempting to make 


was constructed from soft copper and formed to make 
intimate contact with the tube and the walls of the tube 
wells. FIG. 5 
Series packages utilizes copper braid in the configura- 
First experimental cooling shield tion 


“Chinese Hand Cuff” shield for Model I 


illustrated. 











equipment reliable, the chance for error should be re- 
duced in every possible instance. 

The experience gained with Model I Series led to the 
development of the Model II Series. This series consists of 
eight packages; four have deep-drawn aluminum-alloy 
covers and four have die-cast, or impact extrusion covers. 
NEL engineers consider that both types of cover are 
necessary. The deep-drawn type would be used for most 
electronic construction because of the decrease in weight. 
but the heavier die-cast cover would be necessary where 
severe environmental conditions are encountered, or 
where unusually large amounts of heat are to be dis- 
sipated. 

This series accommodates the same number of tubes 
as the Model I. The units have been given the coined 
name “Minimod” meaning “Modular construction for 
miniature tubes.” Fig. 6 shows engineering models of 
Minimods 1, 2, and 3. Minimod 1 is a package with a 
deep-drawn cover for a subassembly consisting of one 
tube envelope and the associated parts. Minimod 1A is 
identical to Minimod 1 with respect to the base, connect- 
ing plug, parts board, and other internal hardware, but 
has the die-cast cover. In a like manner, Minimod 2 is 
2-tube package with drawn cover, and Minimod 2A is 
identical but with the die-cast cover. Minimod 3 and 3A 
are for 3 tubes; Minimod 4 and 4A are for 4 tubes. 

Fig. 7 shows a preproduction model of the Minimod 2. 
with the “heat-test circuit” constructed in it, opened up 
so that the internal construction can be seen. A die-cast 
aluminum alloy, black-anodized for efficient heat absorp- 
tion and radiation, is used for the base. The 16-connec- 
tion, JAN-approved, Amphenol “Blue-Ribbon” connector 
is completely enclosed in the base for maximum protec- 
tion. Bosses for the captive screws are counterbored to fit 
over stress-inserts in the mounting surface. An O-ring 
seal with the mounting surface is contained in the bottom 
of the base. The cover makes a slip fit with the base and 
rests on an O-ring in a groove for another seal. 

The parts board is silicone-resin impregnated glass- 
fiber material. Holes are drilled for either single- or 
double-ended turret lugs. The holes are numbered con- 
secutively from 1 on the tube side of the board and from 
101 on the cover side of the board. That is, hole number 
6 on one side of the board will be hole number 106 on the 
other side. The parts board and miniature tube socket 
brackets are supported and rigidly mounted with respect 
to the base and cap by the posts shown in Fig. 7. Tops of 


FIG. 6—Model II Series of repairable plug-in subassembly 
packages featuring modular construction. All packages 
are 3 in. wide and 5-3/32 in. high overall. “Minimod 1” 
assembly for one tube is 1-15/32 in. long; Minimod 2, 
for 2 tubes, 2-31/32 in. long; Minimod 3 for 3 tubes, 


the posts are also drilled and tapped to receive the captive 
screws that hold the cover in place. 

Cover is deep-drawn from aluminum that is black- 
anodized for heat transfer as well as environmental pro- 
tection. (The “A” packages of the Model II Series are 
die-cast or impact-extruded black-anodized aluminum. ) 
Each of the captive screws has a cup-washer containing 
an O-ring that completes the environmental seal of the 
entire package. 

A unique tube-shield assembly is used, as detailed in 
Fig. 8. Heat-treated beryllium-copper spring straps hold 
the assembly in place and provide a firm contact with the 
walls of the cover for heat-transfer purposes, and for 
electrical connection. The tube shields themselves are 
formed of flexible copper braid, silver soldered to a cap 
and a base. An internal conical spring, carefully formed 
so as to have no sharp points on the bottom, holds the 
tube in place. An external spring keeps the braid tight. 
The entire effect is somewhat similar to the “Chinese 
Hand Cuffs” toy. The braid necks down to make a firm 
contact with the envelope of the tube for most of its 
length. This provides the best heat-transfer method yet 
tested and also excellent protection against shock and 
vibration. 

The Model II Series is completely modular. The same 
number of tubes occupies the same amount of chassis space 
regardless of the way they are packaged. As with the 
Model I Series, all of the packages are the same width 
and height, 3 in. wide overall and 5%45 in. high. How- 
ever. the lengths are such that a 2-tube package is twice 
as long as a l-tube, a 3-tube is three times as long, etc., 
except that 4%» in. is allowed in each package for toler- 
ances. The l-tube package is 11%» in. long; the 2-tube 
package, 2*14. in.; 3-tube package, 41545 in.; and the 
-tube package. 5°145 in. The same general pattern is 
followed in the interconnection plug. The 1-tube package 
has 8 connections; the 2-tube package, 16 connections; 
the 3-tube package, 24 connections: and the 4-tube pack- 
age, 32 connections. 

To obtain maximum efficiency from this or any other 
method of packaging, the basic circuits of electronic 
equipment should be standardized as much as possible. 
When separate circuits are performing exactly the same 
function in different parts of the same equipment, or in 
different equipments, they should be exactly the same 
circuit design and packaged in the same manner so that 
they are completely interchangeable. It is not possible or 


1-15/32 in. long; and Minimod 4 for 4 tubes (not shown), 
5-31/32 in. FIG. 7—Internal construction of the Minimod 
shown above: Base is die-cast aluminum, cover is deep- 
drawn aluminum, parts board is silicone-resin-bonded 
glass-fiber, and cooling shields are new type (Fig. 8). 
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desirable, in the opinion of the author, to standardize all 
electronic circuits, but there are dozens of circuits 
throughout the entire military electronic field so nearly 
alike they could be identical, and there would be no 
noticeable change in performance. There would, however, 
be a great improvement in logistics and maintenance if 
these circuits were the same. 

Fig. 9 illustrates one type of equipment constructed 
using this technique. It does not need a cabinet for protec- 
tion. Each of the Model I Series packages is sealed for 
environmental hazards and the mounting surface is a 
cast aluminum door on a sheet metal pan. There is a 
gasket between the door and the pan so that the inter- 
connecting wiring is also protected against environment. 

NEL engineers express no belief that this is the ulti- 
mate in packaging. It is, like everything else in the elec- 
tronics profession, an interim measure that is good until 
the advance art makes it obsolete. There are, however. 
so many advantages to this method of packaging at the 
present state of the art, and in the near foreseeable future. 
that these advantages should be listed for emphasis: 

1. An equipment is broken down into functional sub- 
assemblies so that the maintenance man can quickly locate 
and repair malfunctions. 

2. The repairable plug-in subassembly packages greatly 
reduce the problems of spare-parts storage and logistics. 
Repairs can be accomplished from standard stock spares 
while the equipment is operating. 

3. Interconnection is made with a JAN-approved 
method of connection that provides sufficient connections. 
positive grounding, and high-voltage and high-frquency 
isolation. 

1. Excellent shielding is provided for the entire circuit. 

5. Good heat dissipation is achieved. The circuits run 
cooler in the packages than they do in open air because 
of the good heat-conducting path and the heat absorption 
and radiation qualities of the packages. 

6. Good environmental protection is provided. The 
circuits are protected against moisture, salt spray, and 
corrosive fumes when in the operating equipment or when 
on the shelf as spares. In some cases, the equipments do 
not even require a cabinet for protection. 

7. The construction is completely modular. Mounting 
surfaces can be designed when only the number of tubes 
is known. 

8. Subminiature tubes, transistors, or crystal diodes 
can be accommodated with ease. All that is necessary to 


FIG. 8—“Chinese Hand Cuff” cooling shield assembly for 
Model II Series packages. Formed of copper braid silver- 
soldered to cap and base with cap soldered to spring 
beryllium-copper straps. Entire assembly is blackened by 
the Hinderlube , process (H. A. Henderson 
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Preproduction model of Minimod 
2 repairable plug-in subassembly 2- 
tube package, with heat-test circuit. 


use these parts is to make simple, inexpensive changes of 
internal mounting hardware. 

9, The system is flexible. Since the tube-shield sub- 
assemblies are removable, many types of circuits, even 
those including moderately large parts can be constructed. 

10. The subassemblies are inexpensive to manufacture. 
This method of construction has been found to be one of 
the least expensive methods of electronic manufacture. 

11. The packages are readily available. The Model I 
Series Packages have been commercially available for 
about two years. The Model II Series will probably soon 
be available. OO0°0O 


Co.) to provide environmental protection and efficient 
heat absorption. This is the most efficient tube shield 
tested. FIG. 9—Shipboard-type equipment constructed 
on the author’s “Plugador” device using the repairable 
plug-in subassembly package technique. 
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Wiring Harness Practices 


Recommended procedures for the layout, tieing and 


installation of wiring harnesses. Careful design permits improved 


testing, inspection and service reliability of equipment. 


ELECTRICAL AND ELECTRONIC equipment is frequently 
wired after all components have been mounted. The 
manner of routing and dressing wires is determined by 
the nature of the circuit, anticipated service life, and cost. 
Routing is the layout of wiring to secure the most efficient 
and direct order throughout an assembly. In low cost 
production items such as commercial radio receivers. 
point to point wiring is employed whereas in military and 
high grade commercial equipment, wiring is usually par- 
allel or at right angles to each other to present a more 
orderly appearance. Where groups of wires take the same 
path they are cabled or laced together. Dressing includes 
the arrangement of conductors to secure a neater appear- 
ance. 


Recommended Practices. Routing and dressing 
should accomplish the following aims. The wiring and 


cabling should be neat, sturdy, and as short as is prac- 
ticable and arranged to permit easy inspection and testing 
of the final unit, as well as to prevent damage to parts. 

Wiring and cabling should not cross sockets or those 
openings which permit access to adjustments. or interfere 
with normal operation of equipment or removal of com- 
ponents. Lugs and terminals should be arranged for easy 
access during assembly and service operations and to 
prevent damage to components from wiring or soldering. 
Proper application of connectors should be given atten- 
tion in the final layout. 

General practice in dressing is to place insulated wires 
flat against the chassis or base to provide compactness. 
Bare or bus bar wiring is usually dressed high to prevent 
short circuit to the chassis. 

In laying out design for the placement of wires and 
cables, the following factors should be considered: (1) 
Size, type, and number of wires to run between various 
components: (2) location of runs with respect to frame 
work and clamping: (3) isolation of critical wiring to 
reduce inter-circuit interference and (4) personnel pro- 
tection against high voltage conductors. 
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Proper positioning of wire connections facilitates fabri- 
cation and replacement of components. Interconnecting 
wiring of removable subassemblies, such as component 
boards, should be connected last and the wire ends 
wrapped on terminals above component leads to facilitate 
easy removal. However, when harness or cable forms an 
integral part of the subassembly, interconnecting wiring 
is soldered beneath component leads. 

Wires and cables should be located to minimize induc- 
tive and capacitive effects. Improper placement of wires 
or cables may cause serious operating difficulty due to 
spurious oscillations, restriction of mechanical operations. 
or other forms of interference. Wiring should be firmly 
supported to prevent undue strain on the conductor or 
terminal and to eliminate possible changes in equipment 
performance which may result from shifting conductors. 
Alternating-current conductor pairs should be twisted 
wherever possible to minimize undesired magnetic flux. 

To prevent wire deterioration due to heat, care must 
he taken to provide sufficient clearance between con- 
ductors and heat radiating components, such as vacuum 
tubes, resistors and transformers. Wiring should be pro- 
tected against cutting and abrasion and should not be 
routed over sharp edges of screws, nuts, lugs. or terminals, 
or bent around sharp corners. 

When it is necessary to pass wiring through holes in 
thin metal, such as shielding, conductors should be pro- 
tected by grommets. To protect and isolate conductors 
which carry high or r-f voltages, it may be necessary to 
cover the entire length of the conductor with insulating 
beads to avoid sharp bends and assure adequate clearance 
between conductor and metal parts. Ceramic or styrene 
grommets should be employed to protect conductors 
carrying r-f voltages unless coaxial cables are used. These 
cables are already provided with outside protection, and 
rubber or neoprene grommets are sufficient. 

If the metal is more than 14 in. thick. the edges of holes 
may be rounded to a radius of one-half the metal thick- 
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ness. Neither synthetic rubber tape nor varnished cambric 
sleeving (spaghetti) should be used to protect wires. Glass 
fiber and high temperature vinyl sleeving are acceptable. 

Wires should not be pulled so tight as to be nicked by 
any sharp protrusions. 


Sufficient slack, approximately 
equal to the stripped and tinned portion of the wire, should 
be left to prevent undue stress on wires and connections. 
This also facilitates displacement of parts and subassem- 
blies during inspection and maintenance without having to 
disconnect circuits. 

To improve appearance and reliability, groups of wires 
running in the same direction are cabled or harnessed 
together to form a sturdy unit that can be installed as a 
single assembly and dressed more neatly than individual 
conductors. Harnesses are wire networks laced together 
by cord and are extensively used for internal wiring. 
Cables are wire groups protected by continuous outer 
sheathing, commonly employed for interconnecting equip- 
ment assemblies. Harnesses are customarily fabricated 
by the equipment manufacturer to meet his particular 
needs. 

Wire assemblies should be mounted for ready access 
during repair or replacement, and not placed where 
considerable disassembly is required to reach them. Indi- 
vidual wires of harness or cable should be arranged 
wherever possible to run parallel or at right angles to each 
other. Care must be taken not to bend wiring so sharply 
as to damage conductors or insulation. 

Harnesses are usually fabricated on a harness or forming 
board which may be marked with number and symbols to 
indicate wire sizes, color coding, routing, terminations. 
and wiring sequence. Pegs, nails or holes, placed in a 
pattern following a pictorial wiring diagram serve to 
guide individual wires as shown in Fig. 1. 

Conductor ends are anchored by wrapping them about 
nails or pegs. Wire ends may be fanned out for easier 
stripping and dressing if holes have been drilled in the 
forming board. The harness is laced after all wiring has 
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FIG. 1—Sample harness 
board. Pegs, nails or 
holes serve to guide 
individual wires. 
Numbers or symbols 
indicate wire sizes, 
color coding, routing, 
terminations and 

wiring sequence. 


FIG. 2—Typical harness 
showing termination wraps 
and intermediate 

lock stitches. 

Note that any one 

wire is brought out 
without variation in 

the number of wrappings 
or the distance 

between stitches. 


been placed in position. 
Fig. 2. The ends may be cut to length, stripped, and 
dressed either before removal from the board, or after 
mounting in equipment for greater exactness in deter- 
mining lengths. 


A sample harness is shown in 


Leads should be formed into a neatly bound assembly. 
Unless deliberate crossovers are required, conductors 
should be adjusted to run parallel. Harnesses should be 
laced with ribbon-type cord in preference to standard 
cord, to reduce the possibilities of cutting into the wire 
insulation. A 1-in. ribbon is best suited for this purpose 
and can be pulled more tightly to form a firmer harness. 
However, if standard cord is used, sizes should be as 


follow Ss: 


Harness Diameter Recommended Cord Size 


Up to %@ in. No. 4 
“4 to 34 in. No. 6 
Y% to 1 in. No. 9 
7. in. and over No. 12 


Harness Branches. All wiring of a harness seldom 
runs to the same general point, hence, harnesses may 
have many branches and sub branches. Any branch of 
two or more wires should be laced. Any one wire, branch- 
ing from the main cable, should be brought out at a lock 
stitch without variation in the number of wrappings or 
the distances between stitches. When branching a group 
of wires from the main harness, a lock stitch is made as 
before and six additional turns are wrapped tightly adja- 
cent to the stitch, Fig. 3. After wrapping the turns, an- 
other lock stitch is made adjacent to these. Upon securing 
the branches, lock stitches are continued along the main 
harness. 

Viewing the chassis placed upside down, all lacing, 
knots, splices and other irregularities should follow the 
top of the harness and be hidden from view when the 
harness is installed. A carpet needle or shuttle can be 
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HOW TO TIE END WRAPS, FORM RUNNING 
STITCHES AND TERMINATE LACING 


A. Starting the wrap. To start the wrap a lacing cord, 
2% times the length of the proposed harness is selected 
after all wires have been laid out. At a predetermined 
distance on the harness, the cord is laid with end 
pointing towards the center. Approximately four turns 
wound in a clockwise direction are wound over the end. 
After these turns have been tightly secured, an addi- 
tional eight turns should be firmly wrapped. 


B. Securing the wrap. To form the lock stitch, the 
forefinger and thumb of the left hand should be used 
to form a loop as the right hand passes the cord over 
and through the loop. The cord is then pulled tight. 
C. Running Stitches. At about % in. intervals there- 
after, other loops are made in a similar fashion, each 
time passing the cord over the loop. To prevent unravel- 
ing if the cord should break, all lock stitches must 
be made by lacing the cord over the loop, never under. 


D. Termination of lacing. To terminate the lacing 
four turns are wrapped after the last lock stitch. A 
separate loop of lacing cord 2 in. long is laid parallel 
to the cable with the loop facing the end. An addi- 
tional eight turns are wrapped over the loop. The cord 
end is then inserted through the loop and the free ends 
of the leop pulled. This operation draws the end of the 
harness cord under the wrap and out between the four 
and eight turn wrap. The end is pulled tightly to lock 
the wrap and cut to about 4% or 4 in. 

Lacing or binding of the harness should begin at one 
end of the harness and proceed progressively toward the 
other end. However, lacing can also begin at the middle. 
where most of the wires are grouped, and progress 
in both directions. In this case a lock stitch is used 
at the center and a terminating wrap at both ends. 


E. Alternate method of starting lacing. To start, a 
square knot is made and locked with a lock stitch. 
A square knot is formed by running the cord end over 
the cord length and through the loop thus formed, 
pulling tight; then under the cord length of the new 
loop. The end is pulled tight to form a final firm knot. 
The balance of the lacing is made up of a series of 
running lock stitches as before. 


F. Aliernate method of lacing. Another method of 
lacing consists of making a series of individually bound 
wraps along the harness. Lacing cord, 2 in. longer than 
the length required to make 12 turns about the harness, 
is cut. One end of the cord is formed into a 1-in. loop, 
which is placed flat on the harness parallel to the 
wiring. Twelve turns are wound tightly over the loop 
and at the last turn, the cord end is pushed through 
the loop which extends beyond the last turn. The end 
of the looped cord is then pulled until the lacing cord 
end and loop intersect under the center of the wrap. 
The tighter the two ends are pulled, the firmer will be 
the tie. Loose cord ends are then trimmed to about 
% to % in. These wraps are repeated along the harness 
at equal distances as required. 
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used to speed lacing by facilitating feeding of the cord 
end. Should lacing break or require splicing before com- 
pletion, a square knot is used to connect the ends. 

Harness or cables may terminate in one of three gen- 
eral ways: 

1. Conductor ends may be left tinned ready for solder- 
ing to terminals or component lugs 

2. Terminated by a connector 

3. Fitted with individual tips or lugs for connecting to 
threaded terminals. 

Wire harnesses and cables should be clamped in posi- 
tion to maintain their shape and to prevent possible con- 
tact with exposed terminals and moving parts. Wiring 
for r-f voltages should not be laced, but should be located 
and supported on insulators in such a fashion as to mini- 
mize inductive and capacitive interaction with ground and 
other circuits. Conductors covered by metallic shielding 
but unprotected by outer insulation should be secured to 
prevent shorting. Shielding should be terminated at a 
suitable distance from the exposed conductor and should 
be electrically bonded to the grounding circuit. 

Defective Wiring. Defects and faults can be classi- 
fied into major and minor groups. A major defect may 
result in equipment becoming inoperative in service or 
may seriously impair the life or serviceability of the 
equipment. These defects require immediate repair. 

1. Breakage of more than one-third of wire strands. 
Equipment vibration could cause complete breakage. 

2. Spacing of less than 145 in. between movable ele- 
ments. Vibration could cause short circuit. 

3. Improper placement of wire or cable. Exposure to 
heat or moisture could shorten life of equipment. 

4. Pinched, frayed or burned wire. Danger of com- 
plete breakage and short circuits. 

5. Improper terminal connections. Danger of eventual 
breakage. 

6. Improper wire or cable support. Danger of fatigue 
breakage of conductors. 

A minor defect is a deviation from good workmanship 
having no appreciable effect on the functioning, assembly, 
maintenance or life of the equipment in service. The 
following minor defects because of their nature and loca- 
tion do not constitute a reason for reject. However, 
excessive minor defects show evidence of poor and care- 
less workmanship and should not be permitted to continue 
without correction. 

1. Breakage of less than one-third of wire strands. 

2. Spacing between movable elements greater than 15 
in., but less than 4 ¢ in. 

3. Improper placement of wire or cable that will not 
render equipment inoperative but causes reduced oper- 
ating efficiency. 

4. Chafed insulation in no danger of causing a short 
circuit. 

5. Insulation cut back more than 14 in. from a connec- 
tion yet in no danger of causing a short circuit. 

6. Taut wire likely to introduce stresses but in no 
danger of causing breakage under vibration. 

7. Frayed or charred insulation not likely to produce 
short circuits. 

8. Solder imbedded in the insulation. 

9. Tight lacing cutting into wire insulation but not 
likely to cut completely through. 

10. Too many lacing splices. 

Ll. Shredded and charred lacing. OOO 
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A. D. SMITH 
Appliance Engineering Department 
Electric Appliance Division 
WestincHouse Extecrric Corp. 
Mansfield, Ohio 


Al min 
CONSIDERATIONS of styling, efficiency and cost led to the 
ruc ura selection of aluminum for the main structural com- 


ponents of a new rotary broiler designed for use with a 


roaster oven as an all-around cooking appliance. Fig. 1. 
When combined with the roaster insert pan, the rotisserie 


# may be used as a separate appliance mounted either on 
Material or a wrought iron stand, Fig. 2, or on a mobile utility cart. 
Since the appliance is essentially an accessory and must 
be easily portable. weight is an important consideration. 
Although the unit is 20 x 14 in. and 8 in. high. it weighs 

only 9 lb fabricated in aluminum. 


& 
n Use of steel for the broiler section was decided against 
because of its weight and the necessity for costly polish- 


ing and chrome plating of the large areas involved. In 
addition, the severe forming operations contemplated to 
obtain rigidity in sheet metal fabrication precluded the 
use of pre-plated stock since it was felt that commercial 
finish standards could not be maintained where appreci- 
Strength, appearance, able working of the metal occurred over large areas. 
Stainless steel was avoided because of its poor reflectivity 


weight and heat distribution and its characteristic yellowing to a straw color under 


heat. 
factors lead to e | : eee 
: The end panels are made of aluminum die castings, and 
selection of aluminum are joined by three formed-steel braces to make up the 


frame of the rotisserie. This construction provides the 
necessary rigidity for supporting the weight (up to 12 
lb) of large roasts. Barrel-type burnishing is used to 
impart a bright finish to the die castings, Fig. 3. 

features extensive use The semi-cylindrical shape of the broiler cover was 
chosen because it lends itself well to styling and because 


for rotary broiler. 


Appliance design 


of sheet aluminum. it provides the minimum clearance necessary for rotary 
broiling with the least amount of material. Broiler di- 
mensions are keyed to the size of the porcelain enameled 
and aluminum-clad roaster pan and a clearance of 5°4 in. between the spit 
and the heating element is provided. The inside contours 
confine the reflected heat paths to their shortest possible 
distance and have the effect of directing or focusing the 
infrared radiation towards the center of the broiler where 


die castings 


steel. 


the cooking takes place. Aluminum was a natural choice 
because its ability to reflect infrared radiation exceeds 
that of other commonly used structural metals. The cylin- 
drical shape also affords a minimum of outside area from 
which heat losses can take place. 

A polished aluminum front reflector slides back over 
the rear cover for access to the cooking area, and is 
removable for cleaning. Because the high ambient tem- 
peratures within the broiler would serve to roast rather 
than broil meats, an opening is provided at the top of 
the unit between the front reflector and the rear cover to 
allow for escape of heated air. 

A brushed aluminum cover encloses the back of the 
unit behind the heating element reflector. The inside sur- 
faces of the cover and the heating element support serve 
as a double reflector to direct the heat towards the center 
of the broiler. Dead air space between these two com- 
ponents insulates and aids in keeping the exterior cool. 
Aluminum-clad steel is used for the heater support be- 
cause it combines the strength of steel with the good 
reflecting qualities of aluminum. The heater is remov- 
able for cleaning and is electrically connected by a con- 
ventional pin terminal arrangement to contacts assembled 
in an inorganic composition receptacle. Inside surfaces of 
the broiler are smooth and free of projections to sim- 
plify cleaning. A molded phenolic handle is hot shrunk 
onto hex bar stock to provide a strong integral spit. 

Self-tapping screws are used throughout the unit. In 
the die castings, cored holes of the proper diameter and 
taper are provided to receive them. Elimination of tap- 
ping operations for the 26 screws used contributes to low 
assembly cost. 

For proper cooking speed the spit is rotated at 314% rpm 
by means of a 3600-rpm shaded-pole motor with reduc- 
tion spur gearing. During the development stages of 
the design it was found that motor coil temperatures 
were marginal and slightly exceeded the maximum tem- 
perature rise of 65 C required for Underwriter’s approval. 
































The motor had been isolated from direct contact with 
metallic components and a practical maximum of ventila- 
tion supplied. A decorative aluminum escutcheon pro- 
vided with ventilation slots was placed adjacent to the 
motor. Although the escutcheon provided adequate ven- 
tilation it was also reflecting heat within the motor 
chamber directly back to the motor coil. Anodic treat- 
ment of the escutcheon destroyed its high reflectance, 
served to pick up heat radiated by the motor, and dropped 
the coil temperature to a point where a good safety 
factor existed. 

A knowledge of emissivity is particularly useful when 
working out thermal design problems on hand-made 
models. Since emissivity is a surface characteristic, it is 
necessary only to vary finishes of the components to 
obtain the desired results. Thus, it is often possible to 
arrive at the final design using a minimum of expensive 
models. 

By definition, the emissivity of a surface is the ratio 
of the intensity of radiation emitted by that surface to 
that radiated by a maximum emitter. It is numerically 
equal to the absorptivity of that surface. Emissivities of 
various metals are listed in the table. High emissivity 
implies good heat absorption; low emissivity is synony- 
mous with good reflecting properties. 

All materials are selective emitters or absorbers to 
some extent and have varying characteristics over the 
spectrum from visible to infrared wave lengths. Fig. 4 
shows reflectance values for a few materials over this 
complete spectrum. Contrast the relative reflectances of 
untreated and anodized aluminum. Like most metals 
aluminum has the lowest reflectance for ultra-violet and 
has increasing values for increasing wave lengths. While 
the anodized surface may actually gain light reflectance 
by electrolytic brightening, its reflectance falls off to 14 
per cent at peak wave lengths corresponding to 200 F. 

Anodizing, of course, can be detrimental, as in the 
case of a roaster cover given the “new look” by anodizing 
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Radiation Emissivity Values (e) of Commonly 


Used Materials and Finishes. 


Material Temp. Deg. C 


Aluminum, polished 20 
Aluminum, polished 600 
Aluminum, anodized 20 min. 100 
Aluminum, anodized 30 min 100 
Brass, clean 20-300 
Brass, oxidized 200-600 


eee polished 20 
per, oxidized 
Gold 


200-600 

225 
Cast iron, newly turned 25 
Steel sheet rough or shiny 

oxidized 25 
Stainless steel 18-8 200-500 
Stainless steel 18-8, 

Heated 24 hr at 980 F 200-500 
Chromium 500 
Asbestos board 25-400 
Porcelain enamel any color 20-100 
Dead white enamel varnish 25 
Black lacquer, shiny 25 
Black lacquer, flat 60 
Various aluminum paints 100 
Water 0-100 
Oil on polished surface 

0.001 in. thick 20 
Oil on polished surface 

0.002 in. thick 


From various sources 
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Black 


Visible spectrum 


FIG. 4—Reflectance values of treated and un- 
treated aluminum over effective spectrum. Re- 
flectance of anodized aluminum falls off to 14 
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and dying a copper color. The oxide coat thus formed 
increases the cover’s emissivity to such a degree that 
radiant heat losses prevent adequate browning of foods 
and increases the wattage necessary to maintain tempera- 
tures. 

A further aid to motor cooling is provided by taking 
advantage of the natural draft provided by the opening 
at the top of the rotisserie. By placing holes in the motor 
escutcheon plate and the sheet end plate, air is drawn 
through the motor compartment and into the cooking 
chamber. 

A 1500-watt nickel-chrome heating element is mounted 
on the heater support by fixed porcelain insulators. The 
configuration of the element is patterned to give even 
heat distribution over the entire surface of the meat. 
Rotation of the spit prevents burning under high wattage 
and results in a cooking time of about 20 min per lb as 
compared with oven cooking of roasts which usually 
require 30 to 35 min per Ib. 

The removable feature of the heater and the snap-out 
design of the motor housing escutcheon facilitate serv- 
icing and repair. Easy replacement of the motor can be 
accomplished without removing or disturbing any of 





the structural components of the unit. O00 
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A STAFF REPORT 


Contouring 
Machine 
With Tracer 


Control 


Two-dimension positioning 
system accurately reproduces 
templet contours on the 
surfaces of disk-shaped parts. 
Constant surface cutting 
speed is achieved by means of 
an adjustable-speed table 
drive tied in electrically with 


tool position. 


THE ADVENT OF THE JET ENGINE has created many new 
needs for difficult-to-machine parts. The compressor 
wheel, for example, is fundamentally a round, flat piece 
of tough alloy steel having a cross section of complex 
contours. Presently, the most advantageous method of 
machining the wheels from blanks is a contouring opera 
tion. The blank is secured to a motor-driven rotary work 
table, Fig. 1, and a single-point tool moved across the 
surface of the workpiece for metal removal. The cross 
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House of Magic? 























Just a few weeks ago in Waynesboro, Va., the 
General Electric Company dedicated a new plant 
to house the activities of their Specialty Control 
Department. As testimony to the wizardry of the 
control engineer, persons of less restraint might 
easily have been tempted to re-apply a name well 
remembered from the last World's Fair in New York— 
"GE's House of Magic 

Certainly among the most ingenious conception 
the more than 100 engineers in the Specialty Control 
Department are positioning controls for industrial 
equipment. These controls take three forms 
numerical, magnetic tape and tracer Fundamentally 
all three are positional servomechanisms, differing 
principally in the mode of data input The application 
of each of these systems has been or will be described 
in the pages of ELECTRICAL MANUFACTURING for the 
benefit of equipment designers 

Herewith is presented the Specialty Control Department's 
solution to the electric drive and control problems 
encountered in the design of the Ex-—Cell-—O Precision 
Contouring Machine.* GE design and application 
engineers combined various pre-engineered units into 
a complete electrical package for the machine These 
units include a two-dimension tracer as the tool-positioning 
Rhos and a packaged electrically controlled adjustable— 
speed drive for the work table to provide constant 
surface cutting speed An additional unit relates tracer 
feed speed to table speed to maintain a constant increment 


of feed per revolution of the work 


section of the finished wheel, thus, has the same outline 
as the path of the tool. 

The Ex-Cell-O Style 426-A Vertical Precision Contour- 
ing Machine, Fig. 2, makes possible automatic contouring 
of turbine wheels. The range of operations includes 
precision contouring, boring, turning, facing, grooving 
and rabbeting. The machine incorporates a tracer-type 


* For another approach to these problems, see ‘Electronic Pantograph in Con- 
tuuring Machine,”’ page 88, Evecrrica, MANUFACTURING, February 1955 
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control for guiding the cutting tool along a path estab- 
lished by a templet. In addition, an electronically con- 
trolled adjustable-speed drive is used for the table to 
relate table speed to tool position, thus providing the 
constant cutting speed demanded for most efficient metal 
removal. 

In the Ex-Cell-O machine, the tool holder is carried by 
a “compound” slide, which comprises a vertical member 
supporting a horizontal member. Both members are 
driven independently so that the tool can be moved simul- 
taneously in the horizontal and vertical directions. It 
is evident that by properly controlling the action of the 
compound slide, the tool can be moved along any path on 
a vertical plane through the radius of the work table. 

Actually, the Ex-Cell-O machine is equipped with two 
compound tool slides, one on each side of the work 
table. The horizontal and vertical members of the left- 
hand slide are actuated by hydraulic cylinders in con- 
junction with electrical circuits. The feed strokes of 
these cylinders can be controlled manually or can be made 
to follow a preconceived program of horizontal and ver- 
tical motions by means of automatic electrical control. 
For example, a round metal plate can be machined into 
a part having the cross-section of Fig. 3A by proper 
positioning of limit switches. 

Machining the surface of parts having complex con- 
tours, such as in Fig. 3B, is the function of the templet- 
controlled right-hand compound slide. A tracer carried 
on the horizontal member of this slide governs both 
vertical and horizontal movements in contouring opera- 
tions. The tracer stylus follows the form of the edge of 
a flat steel templet. 

Both vertical and horizontal members of the contour- 
ing slide are operated through ground lead screws driven 
by individual 114-hp, adjustable-speed electric motors. 
A two-dimension electronic tracer control, using signals 
from a variable-reluctance tracing head. controls the 
speed and direction of rotation of the lead-screw motors. 
By the combined operation of these motors. the tool can 
be made to travel radially across a circular part, being 
raised and lowered in precise agreement with the surface 
of the templet. The cross-section of the finished part 
will, therefore, be identical to the templet outline. 

The machine is designed so that either slide may be 
operated independently or in sequence, with the right 
slide going through a machining cycle and then the left 
slide. The right slide may be set up through a selector 
switch to feed left or right. A selector switch is also 
provided to set up the left-hand slide to face left or 
right or to perform vertical grooving. 


Table Drive. The efficiency of the metal removal 
operation is largely dependent on the relative speed 
between the table and the cutting tool. Also, if a facing 
cut is taken with the spindle or table rotating at con- 
stant rpm, it is evident that the speed of the tool with 
respect to the work (surface cutting speed) will decrease 
in direct proportion to the reduction in cutting diameter. 
These facts are responsible for the complex specifications 
set up for the drive of the work table. The first require- 
ment is that table rpm be adjustable to the optimum value 
of cutting speed needed for any particular combination 
of tool and work-piece materials. Second, the drive must 
be capable of automatically maintaining the selected cut- 
ting speed at a constant value, regardless of tool position. 
Without such features, maximum productivity, long tool 
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life and high-quality surface finish cannot be attained. 

lf the surface cutting speed is to remain constant 
during a facing cut, the speed of rotation of the work 
must be continuously related to the position of the tool, 
being increased progressively as the tool moves toward 
the center of the work. Fig. 4 shows the necessary rela- 
tionship between spindle speed and cutting diameter to 
provide constant cutting speed. These curves are simply 
hyperbolic functions, the spindle speed being doubled each 
time the diameter is halved. 

It was necessary, therefore. not only to provide an 
adjustable-speed drive but also to provide a means of 
continuously and automatically relating the spindle speed 
The “Speed-Variator” package 
supplied by General Electric to power the work table 
included a 25-hp shunt-wound d-c drive motor: a motor- 


to the tool position. 


venerator set for converting a-c line voltage into con- 
trolled direct current for the drive motor: a magnetic 
control panel, and an electronic panel. 

Fig. 5 is a schematic diagram of the complete equip- 
ment. The curve at the upper left shows the desired 
relationship between spindle speed and cutting diameter 
for one single cutting speed. The table is driven by the 
25-hp d-c motor while a separate motor, under the con- 
trol of the tracing’ system. is employed to drive the tool 
cross feed. Speed of the table-drive motor is regulated 
by an electronic control panel which adjusts the motor 
field current and also the field current of the generator 
in the m-g set. 

A linear rheostat is operated by a cam fixed to the 
tool slide. This is a Ward Leonard rheostat, consisting 
essentially of a special tubular wire wound resistor and a 
sliding contact made of precious metal alloy. The sliding 
contact, connected to the plunger through a spring-loaded 
insulated arm, moves at right angles to the axis of the 
resistor. It is set at an angle to, and moves parallel to 
the turns of wire on the exposed surface of the resistor. 
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FIG. 1 (Above)—Close-up of work table showing jet- 
turbine compressor wheel being machined. As _ table 
rotates, cutting tool is moved across the wheel toward 
the axis of rotation. 


FIG. 2 (Opposite page) —Tracer-controller section of 
Ex-Cell-O precision contouring machine is at right. Com- 
pound slide at left is hydraulically actuated under elec- 
tric control. Both slides work in conjunction with single 
work table. 
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A plunger stroke of only 14 in. traverses the entire resistor 
element. 

The rheostat output voltage Vz is directly proportional 
to the table speed required to give constant surface cut- 
ting speed. A tachometer ge 
drive motor provides a voltage V;, which is directly pro- 


‘nerator mounted on the 


portional to the drive motor speed. This speed voltage is 
compared with the output of the rheostat (V;). The 
electronic control causes the motor speed to change as 
required to keep the two voltages V, and V, equal and 
consequently maintain constant cutting speed. A second 
rheostat is provided to allow the operator to adjust the 
surface cutting speed and thus select the correct speed 
for work being done. 

The table-drive tie-in could also be accompanied by a 
reactor. However, the use of the rheostat makes the 
control equipment somewhat less complicated and slightly 
less expensive. 


Electronic Control Unit. The heart of the table-drive 
system is the electronic control unit, which controls the 
two thyratron field rectifiers, Fig. 6. One of these recti- 
fiers supplies field power to the d-c generator while the 
second furnishes excitation current for the field of the d-c 
motor. The purpose of this system is to regulate the 
speed of the table-drive motor such that its speed at all 
times closely corresponds to the desired speed regardless 
of changes in motor load, line voltage or frequency. The 
“desired” speed in this case is that called for by the cam- 
operated rheostat actuated by the horizontal slide. A 
description of the electronic control circuit for the 
table drive accompanies the schematic wiring diagram, 
Fig. 7. 

Constant-torque output from the table motor is pro- 
vided throughout the complete armature-voltage range. 
Constant-horsepower output is provided throughout the 
rated field-weakening speed range of the motor (up to 
four times motor base speed). Speed regulation by means 








Fig. 4 
tween cutting diameter and spindle speed to 
give constant surface cutting speed. Each curve 
relates to a specific cutting speed. 


of tachometer feedback and current-limit acceleration and 
deceleration is provided. 


Contouring Controls. The cutting tool and stylus 
are mounted on the same slide so that as the stylus moves, 
the cutting tool follows an identical path. With this 
arrangement, the tracing operation becomes merely a 
matter of moving the stylus around the templet contours 


A Pe uyprey 


| 
Oh 


FIG. 3—Simple outline drawings in- 
dicate type of operations performed by 
contouring machine. Outline A can be 
machined with limit-switch controls. 
Complex contours of B require tem- 
plet control. 


at constant tangential velocity, This is accomplished by 
two feed motors operating at right angles to one another. 
The two motor speeds are controlled so that the vector 
sum of the two speeds results in motion tangential to 
the surface of the templet. 
Reduced to the simplest fundamentals, then a two- 
dimension tracing system consists of the following: 
1. A sensing system that can “read” the templet con- 
tours and provide vector signals that are tangent to 
these contours. 


nN 


Electronic circuits for resolving these signals into 
two sets of vertical and horizontal components. 

3. Two adjustable-speed drives, one for the horizontal 
slide and the second for the vertical slide. The out- 
put speed of either drive is controlled so as to be 


Mox spindle speed 





Diameter, in. 


Curves show necessary relationship be- 
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proportional to the magnitude of the corresponding 
vector component. 

A schematic diagram of the General Electric two-dimen- 
sion tracer is shown in Fig. 8. The electric equipment 
consists of a tracing head, a control panel with electronic 
and relaying circuits, two amplidyne generators, two d-c 
feed motors and operator’s controls. It is the purpose 
of a tracer control to duplicate, in the work being ma- 
chined, a specific shape existing in the form of a templet 
or model. The tracing head mounted on the tool slide 
has a stylus or feeler which contacts the templet and is 
deflected slightly by it. This deflection produces electric 
signals which are used by the remainder of the tracer 
equipment to cause the stylus to move along the surface 
of the templet. Since the tracing head is mounted rigidly 
on the tool slide, this results in the tool duplicating the 
shape of the templet in the work. 

This is a profiling or 360-deg tracer and, therefore, two 
machine feeds are controlled, each driven by a d-c motor. 
The two feed motors are supplied with power from two 
amplidyne generators which are similar in their perform. 
ance to conventional d-c generators except that the field 
power required for excitation is extremely small. By 
varying this field excitation or current, the amplidyne 
output voltage is changed to any desired value thus con- 
trolling the speed of the corresponding feed motor. Field 
current for the amplidynes is supplied through vacuum 
tubes and therefore is readily controlled. 

The tracing head provides electric signals which indi- 
cate the direction and amount of any stylus deflection. 
These signals are used by the electronic circuits to cause 
the two feed motors to run at such speeds that the stylus 
of the tracing head moves tangent to the surface of the 
templet. Since the tracing head indicates deflections in 
any direction and the feed drives are completely reversing 
without the use of relays or contactors, the tracer contro! 
will profile completely around a templet through 360 
deg without attention from the operator. During this 
operation, the surface feed rate between the tool and the 
work is constant regardless of direction. 
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FIG. 5—Schematic diagram shows table drive system. 
Output of linear cross-feed rheostat is compared with 
tachometer voltage. Resulting error signal is used to 
control field excitation of drive motor generator. 
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Tracing Head. A simplified drawing of the two- 
dimension tracing head is shown in Fig. 9. It is a mag- 
netic sensing element providing electric signals which 
indicate the angle and the amount that the tracing stylus 
is deflected as it contacts the templet. It consists of four 
sensing elements. Each of these is a magnetic structure 
comprising a coil with an iron core and an armature which 
is separated from the core by a small air gap. The arma- 
tures of these sensing elements are mounted on a plate 
which is connected to a shaft and supported by a flexible 
diaphragm. The stylus which contacts the templet is 
mounted on the end of the shaft. Arranged in this man- 
ner, the diaphragm tends to hold the stylus in a neutral 
position with all air gaps equal. As the stylus is defected, 
moving the armatures and changing the air gaps, the 
electrical reactance of the coil changes. 

The four sensing elements are mounted 90 deg apart 
and each element is combined electrically with the one 
opposite it. The two sensing elements in each of these 
pairs are connected in an electrical bridge circuit. One 
bridge is excited from the a-c reference-voltage supply 
while the other is excited from the quadrature-voltage 
supply, which is 90 deg out of phase with the reference. 
When the tracer stylus is undeflected, both bridges are 
balanced and there is no output from the tracer head. 

Upon deflecting the stylus, each bridge produces an a-c 
signal which is proportional to the magnitude of the 
deflection along the corresponding mechanical axis. As 
the deflection passes through zero and is reversed, the 
phase of the signal reverses. Thus, the output of each 
bridge is an indication of the direction and magnitude of 
the component of deflection along the corresponding me- 
chanical axis. Since these two signals are 90 deg out of 
phase, the result of adding them together is a single signal 
whose phase indicate the direction of deflection. 

Electronic Control. Referring again to Fig. 7, the 
electronic control receives electric signals from the tracing 
head which indicate how much the stylus of the tracing 
head is deflected by the templet and the direction in 
which it is deflected. It uses these signals to control the 
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FIG. 6—Simplified diagram for rectifier unit. Saturable 
reactor determines phase relationship between plate and 
grid voltages of thyratron rectifier tubes and, in turn, 


the output of these units. 
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FIG. 7—Table-Drive Control Circuit. As 
shown in the accompanying elementary 
diagram, the electronic control is composed 
functionally of three units; one rectifier 
supplying the motor field, a second rectifier 
for the generator field and an amplifier 
for controlling the rectifiers. The rectifiers 
are phase-controlled through the use of a 
saturable reactor. 

The amplifier supplies d-c excitation to 
the winding of the saturable reactors and 
consists of a power supply circuit, amplifier 
circuit and a current-limit circuit. The 
regulated d-c voltage supply consists of 
full-wave rectifier tube A, an inductance- 
capacitance filter and two constant-voltage 
glow tubes B and C. This supply provides 
constant voltages for the speed reference 
and for the d-c amplifier. These voltages 
are essentially independent of line-voltage 
or load-current variations. 

Amplifier. This amplifier controls motor 
speed by regulating tachometer voltage. 
The reference voltage from the speed-con- 
trol potentiometer is applied between 
points 143 and 103, point 143 being posi- 
tive with respect to point 103. The tach- 
ometer voltage (feedback) is applied be- 
tween points 140 and 103, point 140 being 
negative with respect to point 103. The 
difference between these voltages or error 
signal is applied to the grid circuit (point 
138) of tube G1, which is the input to the 
common amplifier. 

The grid voltage of tube G2 is held 
fixed. In addition, the resistance of anode 
resistors 20R and 29R of tubes F2 and G2 
are equal. The resistances of cathode re- 
sistors 22R and 30R of these tubes are also 
equal and the cathodes are tied together 
over resistor 23R and potentiometer 7P. 
Thus, the total current flowing in tubes 
F2 and G2 must remain essentially con- 
stant. Turning the speed-control potentio- 
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meter in the increase direction will cause 
the potential of point 138 to increase in a 
positive direction. This increased error 
signal results in a decrease in the anode 
voltage of tube Gl, and the potential of 
point 132 decreases. As a result, the po- 
tential of point 129 increases while the 
potential of point 115 decreases. 

An increase in the potential of point 129 
causes an increase in the output of tube 
J2, thus increasing the output of the thyra- 
trons supplying the generator field. (Note: 
A change in the current through the d-c 
winding of the saturable reactor on the 
rectifier unit causes a like change in the 
output from the rectifier.) This continues 
until point 125 becomes positive with re- 
spect to point 17]. At this time, tube J] 
conducts and holds point 125 at a given 
potential, depending on the setting of max- 
imum-voltage adjustment 2P. This circuit 
then prevents the generator voltage from 
going above its rated value. 

A decrease in the potential of point 115 
has no effect on the motor field until it 
has moved far enough for point 113 to go 
negative with respect to point 180. At this 
time, tube HI stops conducting and_ point 
113 follows point 115, reducing the output 
of tube H2 and, thus, reducing the output 
of the thyratrons supplying the motor field 
by means of the saturable reactor. There- 
fore, as the speed potentiometer is in- 
creased from zero to maximum, the motor 
field is held at full current until the gen- 
erator voltage reaches approximately rated 
value. Then, the generator voltage is held 
at this value and the motor field is weak- 
ened. 

Current Limit. The current signal, of 
approximately 6 volts at rated armature 
current, is applied between points 154 and 
103; it has a positive sense with respect 
to point 103 for the motoring condition. 


} 
- saitceeka amplifier ole inoutoe 


104 


154 


Current 

limit 

signal 
8 


— Current limit on 


Potentiometers 4P and 5P adjust the value 
of the current to be limited. They have a 
range of approximately 50 to 200 per cent 
of rated armature current. 

For motoring conditions, assume that 
potentiometer 4P is set for 150 per cent 
current. As the current increases to 150 
per cent, point 154 increases to +9 volts. 
This makes point 154 positive with respect 
to point 150, causing tube El to conduct. 
(Note: Point 150 is held at approximately - 
zero volts by feedback resistor 44R when 
the armature current does not exceed the 
predetermined settings.) When tube £1 
conducts, it pulls point 150 positive, caus- 
ing tube F] to pass more current. Thus, all 
points on divider 46R, 45R, 43R and 42R 
decrease in potential. This means that when 
point 146 goes negative with respect to 
point 138, tube D2 conducts and causes 
point 138 to follow point 146. As the po- 
tential of point 138 decreases, it first in- 
creases the motor field and then, if neces- 
sary, reduces the generator field, thus pre- 
venting any further increase in current. 

Assume for overhauling load conditions 
that potentiometer 5P is set for 150 per 
cent current. As the current increases to 
150 per cent; point 154 goes to —9 volts. 
This pulls point 169 negative with respect 
to point 150, causing tube E2 to conduct. 
When tube E2 conducts, it pulls point 150 
negative, reducing the current through tube 
Fl. This means that the potentials of all 
points on divider 46R, 45R, 43R and 42R 
move in a positive direction. When point. 
144 goes positive with respect to point 138, 
tube DI conducts and causes point 138 to 
follow point 144. As the potential of point 
138 increases, it weakens the motor field 
and increases the generator field, thus pre- 
venting any further increase in overhauling 
current. (This completes the description of 
the table-drive control circuits.) 
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FIG. 10—Bender Circuit. The bender circuit 
is the heart of th:s two-dimension tracer 
control. As described in the text, the tracer 
makes use of a vector signal from the 
tracing head to cause the two feed motors 
to move the tracer head stylus tangentially 
to the surface of the template. The steer- 
ing action required to hold the stylus in 
contact with the templet with a constant 
deflection is described in the accompany- 
ing table. It is the bender circuit which 
provides this steering action. 

Referring to the simplified schematic 
diagram, the input to the bender is the 
amplified signal from the tracing head. 
This is an a-c signal, the amplitude of 
which is proportional to stylus deflection. 


mye Stylus 
i CY) deflection 


The phase of this signal with respect to 
the phase of a reference voltage indicates 
the direction in which the stylus is de- 
flected. Since the stylus is always deflected 
at essentially right angles to the surface 
of the templet, the phase of this signal 
when shifted 90 deg indicates the direction 
of the templet surface; i.e., the direction 
in which the stylus should move. 

This signal passes through the input 
gain control which is set to give the de- 
sired amount of voltage for a given stylus 
deflection. (All of these adjustments are 
for initial set-up purposes). It is amplified 
by tubes 271A and passes through the 
phase-adjusting control which compensates 
for other phase shifts in the circuit. The 
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signal is then further amplified by tubes 
271B and 272. At this point the circuit 
divides, the upper part making use of the 
phase of the tracer signal and the lower 
part making use of its amplitude. 

The a-c output voltage of tube 272 is 
transferred to the grids of tube 273 and 274 
(below) through transformer 201T. Tube 
274 acts as a rectifier and provides a d-c 
voltage at the 120-cycle filter which is 
proportional to the amount of stylus deflec- 
tion. 

The a-c signal supplied to the grids of 
tube 273 is of sufficient magnitude to com- 
pletely saturate this tube and because of 
this and the plate-to-grid feedback resis- 
tors, the result is a square wave of constant 
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FIG. 8—Schematie block diagram of amplidyne contour- 
ing system. Use of rotating amplifier in place of elec- 
tronic type provides reserve power capacity for short-time 
feed-motor overloads. Electronic amplifiers have little 


overload capacity, so must be designed up to peak loads 
expected. 
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FIG. 9—Simplified assembly 


drawing of two-dimension 
tracing head. Stylus is 3 in. 


long. The diameter of the 
end which contacts the templet is determined by the 
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amplitude but whose phase still indicates 
the angle of stylus deflection. This voltage 
appears between the plates of the tube 
across the primary of transformer 2027. 
The secondary of this transformer(S202T ) 
supplies a bridge circuit made up of re- 
sistor 256R and the reactance of the a-c 
winding of saturable reactor 200SX. It can 
be seen that if the reactance of 200SX is 
equal to the resistance of resistor 256R, 
the output voltage of the bridge (across 
the primary of transformer 203T) is the 
signal voltage (across $202T) phase 
shifted 90 deg. This effectively shifts the 
phase of the tracer signal from normal to 
the templet surface to parallel with it. 

To get the necessary 


steering action 


Deflection is 0.002 
at much sharper angle 


movement is tangent to template 


in too great--head moves out from template at 
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illustrated in the accompanying table it 
is necessary to further shift the phase of 
this signal if the deflection of the stylus 
is too small and shift is less than 90 deg 
if the stylus deflection is too great. As 
stated above the output of the 120-cycle 
filter is a d-c voltage proportional to stylus 
deflection. This voltage is transferred 
through cathode-foilower tube 275A and is 
amplified by tube 275B to cause the current 
in the d-c winding ef the saturable reactor 
200SX to be proportional to stylus deflec- 
tion. Thus, as the stylus deflection changes, 
the saturable reactor becomes more or less 
saturated and the reactance of its a-c wind- 
ing changes, shifting the phase of the volt- 
age across transformer 203T. This voltage 


is further amplified by squaring amplifier 
tube 277. 

This output signal is then supplied to 
two discriminators which breek it down 
into two d-c voltages proportional respec- 
tively to the sine and cosine of the angle 
between this signal voltage and the a-c 
reference voltage. The feed drives cause 
the two feed motors to run at speeds pro- 
portional to these two d-c voltages and, 
thus, to move the stylus along the surface 
of the templet. 

The index point adjustment sets the 
amount of d-c voltage and, consequently, 
the amount of stylus deflection necessary 
to give exactly 90 deg phase shift. This is 
the deflection that will cause the tracer to 
move parallel to the templet surface. The 
sensitivity control determines the amount 
of change in stylus deflection necessary to 
steer the stylus toward or away from the 
templet by a given angle and thus deter- 
mines the sensitivity of the tracer. 

Tube 276 operates take-over relay ATR 
and over-deflection relay ODR. The input 
to these tubes is the d-c voltage propor- 
tional to stylus deflection. The controls 
associated with these tubes adjust relay 
ATR to pick up when the stylus has been 
deflected almost to its operating deflection 
as it is brought into contact with the tem- 
plet by the operator. This automatically 
switches the control of the machine from 
the operator to the tracer. The second con- 
trol adjusts this relay to drop out should 
the stylus deflection approach zero. This 
stops the tracer. The third control adjusts 
the over-deflection relay to pick up at 
about twice the normal operating stylus 
deflection and also stop the tracer. 

The stylus deflection meter connected 
across S201T provides the operator with 
a visual indication of stylus deflection and 
thus tells him how accurately the tracer 
is operating. This meter is calibrated to 
read stylus deflection in thousandths of an 
inch. 








speeds of the two feed motors, to cause the tracing head 
to move tangentially to the surface of the templet at a 
constant speed. 

In the first stage of the electronic control, the output 
of each tracer-head bridge is fed to a bridge amplifier. 
These amplifiers increase the voltage level of the signal 
and provide means for balancing the tracer-head bridge 
circuits and adjusting the signal level and phase over 
a limited range. 

The outputs of the bridge amplifiers are fed to a 
“bender,” which steers or controls the direction of 
movement of the tracing head. The normal operating 
deflection of the stylus is 0.010 in. If for some reason 
the deflection is less than this amount the bender steers 
the head off from its tangential course and heads it in 
toward the templet. This increases the deflection until it 
again reaches 0.010 in. If the deflection is more than 
0.010 in., the head is steered away from the templet and 
the deflection is reduced. 

The sketches in the accompanying table show this 
steering action. As the stylus first contacts the templet, 
there is no motion of the feeds until a deflection of about 
0.008 in. is reached. The tracer then automatically takes 
over. It will be noted that at a 0.010-in. deflection, move- 
ment is at 90 deg to the direction of deflection. Any 
variation in this deflection causes a plus or minus cor- 
rection to the angle of movement. 

Bender. The bender circuits are shown in Fig. 10. 
The bender first adds the two tracing-head signals to ob- 
tain a single signal, the magnitude of which is a linear 
function of the mechanical deflection of the tracer-head 
stylus and the phase angle of which is a linear function 
of the direction of deflection of the tracer-head stylus. 
The amplified signal is now split into a phase signal and 
an amplitude signal and sent through two channels in 
the bender. 

The phase signal is further amplified in a saturated- 
amplifier stage to remove the amplitude effects and is 
fed to a phase-shifting bridge circuit. The phase shift 
in this circuit is under the control of a saturable reactor 
and is normally such that the signal is shifted an amount 
equivalent to 90 deg from the position which corresponds 
to the direction of deflection of the tracer-head stylus. 
This phase-shifted signal is now fed through a second 
saturating amplifier and becomes the output of the 
bender. 

The amplitude signal is rectified, filtered and used to 
control the direct current in the saturable reactor that 
regulates the phase shift of the phase signal. This circuit 
contains stabilizing networks, adjustments for sensitivity 
(rate of phase shift with amplitude) and adjustments for 
setting the magnitude at which the previously mentioned 
90-deg phase shift occurs (index point). Thus the output 
of the bender is a phase-controlled signal which, under 
normal conditions, is shifted 90 deg from the tracer-head 
signal, but which is further phase shifted as a function of 
the magnitude of the tracer-head signals. This results in 
a signal which steers the stylus along the templet holding 
a constant deflection. 

The magnitude signal is also fed to two relaying cir- 
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cuits. One, automatic takeover relay ART, provides a 
means of automatically switching from manual control 
to contouring when the tracer-head stylus is sufficiently 
deflected by the templet. The other, overdeflection relay 
ODR, provides a means of shutting down the equipment 
in the event of excessive deflection of the stylus. Pro- 
vision is made for adjusting both the pick-up and drop- 
out points of relay ATR and the pick-up point of relay 
ODR. 

A complete description of the bender circuit accom- 
panies the schematic diagram, Fig. 10. 

Discriminators. The phase-controlled output of the 
bender is fed to two discriminator circuits. In simplest 
terms, a discriminator is a controlled rectifier whose pur- 
pose is to furnish a d-c signal of a magnitude propor- 
tional to the phase angle of the bender signal. One 
discriminator is excited from the reference-voltage supply 
and furnishes a d-c output which is a cosine function of 
the phase angle between the bender output and the refer- 
ence voltage. The other discriminator is excited from the 
quadrature-voltage supply and furnishes a d-c output 
which is a sine function of the phase angle between bender 
output and the reference voltage. 

The output of each discriminator is fed as a directive 
signal to one amplidyne field amplifier. This signal is 
compared with a voltage signal from a tachometer on 
the feed motor, the difference signal being amplified and 
used to excite the control fields of the amplidyne. The 
amplidyne acts as a power amplifier to furnish power to 
the feed motor to cause it to run at a speed and in a 
direction corresponding to the directive signal. This com- 
bination is a high-gain, closed-loop system which pro- 
duces an accurate linear relationship between discrimi- 
nator output and motor speed. 

Constant Chip-Thickness Control. To maintain a 
good surface finish it is necessary that the increment of 
tool feed per revolution of the work be held constant. 
Since the distance the tool is moved in each revolution 
of the table determines the thickness of the metal chips 
removed, the objective, therefore, is to maintain constant 
chip thickness. This requirement is complicated by the 
previously described feature of constant cutting speed 
whereby table speed is increased as the tool moves toward 
the axis of rotation. If the tool is fed at a constant rate, 
the chips become thinner as the table speeds up. 

It is, therefore, necessary that the tracer speed be kept 
proportional to table speed. To accomplish this, the volt- 
age of the tachometer generator on the table drive motor, 
which is proportional to work speed, is used to auto- 
matically adjust the position of a tracer speed-control 
potentiometer. Thus, the tool is made to move faster as 
it progresses toward the axis of rotation. O00 0 
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NEMA RERATED FRAME SIZES for open and totally en- 
closed fan-cooled squirrel-cage induction motors are now 
in practically full production and demonstrate that former 
ratings can be successfully assigned to smaller frame 
sizes. (1)* Therefore it might be advisable to consider 
the possible influence of this program on the rating of 
crane motors. ‘ 

The present NEMA standard for a-c crane motors gives 
time ratings of 30 and 60 min for open and totally en- 
closed motors. (2) The only difference between the rat- 
ings is the permissible temperature rise of 55 C for the 
totally enclosed and 50 C for the open unit for equal 
horsepower output and time rating. The present standard 
recognizes the fact that the heat absorption capacity of 
the motor governs the temperature rise for short-time 
operation. Under such conditions the heat dissipating 
property of the motor design is of secondary influence. 
leading to nearly identical ratings of the open and the 
totally enclosed machines. 

The heat capacity of any object, namely its capacity 
to absorb heat, can be expressed by the specific heat of 
the material multiplied by the object’s weight. This dis- 
cussion is concerned with comparative values only and 
therefore some basic assumptions can be used to derive 
some simple formulas to express relative heat capacities. 
Neglecting temperature gradients between parts inside the 
motor and assuming no radiation or transfer to other heat 
sinks, the temperature rise AT of a motor for a given 
amount of heat input (electrical and magnetic losses) 
during a fixed operating time can be expressed as: 


AT = Wt/h,p (1) 
where W = losses in gram-calories 
(1 watt-hr — 859.85 g-cal) 
t = time, hr 
h, = specific heat. cal per g per deg C 
p = weight, grams 


From this equation it is apparent that for comparable 
conditions and short-time operation a smaller (lighter) 
motor will have a higher temperature rise than a heavier 
machine. The question arises then—should or could the 
present crane motors be redesigned? If the present stand- 
ards were based on actual operating conditions encoun- 
tered in crane service, the answer has to be negative. 
Improved heat dissipation or better arrangement and use 
of the electric and magnetic materials will be of minor 
influence on the thermal performance of a short-time rated 
motor. Approximately the same overall weight will be 
required for the same loss figure and corresponding tem- 


* Italic numerals in parenthesis refer to Cited References at end of text. 
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Calculated Temperature Rise and Corresponding Duty 
Cycle for Crane Motors with Five Types of Enclosures 


(Slip-ring motor nominally rated at 7'/, 
non-ventilated; 


1150 rpm, 30 min, 55 C totally enclosed, 
TE fan cooled) 





Representative 
repetitive 
operations 


Bridge & Hoist 
Temp. rise trolley duty duty 























60 min cycle, cycle, 
Description operation “percent ft percent 
Totally enclosed with air space betwen core and frame 54C 22 29 
Totally enclosed without air space 54C 41 54 
Totally enclosed fan cooled with outside shroud 54C 45 86 
Totally enclosed with ribbed frame 48 C AS 64 
Totally enclosed fan cooled with ribbed frame 48 Cc 78 100 
Time of operation under load 
“Bridge & trolley duty cycle = ——————___—________ --—_______—_—_—_ —-——_ 100 


tHoist duty cycle = 


perature rise—no matter what the design features. When 
the present standard for crane motors is compared with 
actual operating conditions however, a revision of the 
standards is indicated or at least a critical analysis. Crane 
motors do not operate 30 or 60 min continuously; there 
is no structure high enough or runway long enough for 


that. On the other hand, crane operators will not wait and 
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Time of operation under load plus time of standstill 
Time of hoisting plus lowering 


Time of hoisting plus lowering plus time of standstill 


allow the motors to cool off between working cycles. 

The crane designer selects the motors for a certain 
application in accordance with the torque requirements 
and hopes that the motor frame size will have sufficient 
heat dissipation for the service. The motor manufacturet 
provides motors of known heat capacity and hopes that 
the actual repetitive service will not overheat the machine. 
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Both experience and guesswork are important factors in 
selecting motors for these applications.7 

The influence of different design features on motors 
used on actual crane applications has been studied. The 
expected short-time performance was calculated by means 
of equation (1). The continuous repetitive (duty cycle) 
performance was found from this approximation: 


thw; + tewe + tyw3 = 
[ (ty + to) SW., + ty SWyo AT (2) 
where 
t; — time of running under full load, hr 
t,. = time of running under partial load, hr 
t, = time of standstill, hr 
w, — losses at full load. watts 
w» = losses at partial load, watts 
Ws losses at standstill, watts 
S heat convecting surface, sq in. 
W., = heat convecting factor while running, 
watts/sq in. and deg C 
W 0 heat convecting factor at standstill 
AT = temperature rise, deg C 


Preliminary figures established by this simple approach 
checked within approximately 3 to 5 per cent by actual 
tests. 

The table shows the figures as calculated for five me- 
chanical variations of the same electrical design of a slip- 
ring motor of specific rating. Although all these motors 
could be rated correctly for 60-min, 55 C temperature 
rise, the difference of obtainable service on crane applica- 
tions is in the order of 3.5:1. It seems highly desirable 
that industry standards should encourage designs that are 
better for a given application. At present, a designer of 
crane motors is unable to show any improvement in per- 
formance within the short-time rating, while the actual 
application often will demand motors especially designed 
for this type of service. 


+ At least one motor manufacturer has examined the thermal capacity of 


rerated general-purpose motors in terms of dissipation capacity. See ‘*Thermal 
Capacity of Rerate Motors,’ Evectrican Manuractrurinc, June 1955, p. 132 
~Editor. 
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The comparative performances of four mechanically 
different designs (the totally enclosed motor with air space 
between core and surface was discarded), but with the 
same electrical characteristic, are plotted in Figs. 1 and 2. 
The slope of the curves as well as their relative location 
will change with design and frame size, as well as with 
coordinate scales, and can only be studied comparatively. 
Fig. 2 shows the rather interesting fact that for low duty- 
cycle applications, a totally enclosed fan-cooled motor 
with outside shroud might be inferior to a totally enclosed 
non-ventilated design. The continuous rating of the totally 
enclosed fan-cooled machine naturally is higher than that 
of the totally enclosed non-ventilated unit, but the reduced 
heat dissipation at standstill more than counteracts this 
advantage at low duty cycles. 

The results shown in the table and in the curves indi- 
cate strongly that crane designer as well as crane user can 
benefit if the ratings of crane motors are based on a duty- 
cycle rather than a short-time operation. O00 
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problem in which frame sizes are related to heat dissipat- 
ing capacity and efficiency, see “How Will NEMA’s Re- 
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Motors?” by R. F. Woll, ELvecrricaL MANUFACTURING, 
October 1954, p. 102 (Reprint No. 134). 


145 








Broadened viewpoint needed in 





A STAFF REPORT 


Built-In Appliance Design 


Manufacturer must provide adequate installation instructions 


and fittings, also anticipate service problems. 


(,OING FROM free-standing major appli- 
ances to built-in units is creating new 
problems* for manufacturers. Not the 
least of these are new buying and de- 
sign influences and problems relating 
to installation. Up until now an appli- 
ance designer has considered his job 
done once the basic design satisfied 
Underwriter’s requirements and_ the 
product itself was in the shipping con- 
tainer. At the Sixth Annual Appliance 
Technical Conference sponsored by the 
AIEE Committee on Domestic and Com- 
mercial Applications, held in Cleveland, 
May 23-24, installation and service con- 
siderations were emphasized. 

The time has come when manufac- 
turers should forego the present prac- 
tice of just showing a terminal connec- 
tion block, a junction box, or several 
wire leads extending from a 3 or 4 ft 
length of flexible conduit, then daintily 
printing the word “source” on the in- 
stallation instruction drawings. They 
leave the whole matter of providing 
circuit wiring to that source entirely up 
to the wireman’s ingenuity. This pro- 
cedure is unfair, according to E. H. 
MeNiece, staff engineer of The Detroit 
Edison Company. He proceeded to give 
some advice to designers and producers 
of built-in appliances. 

There should be no barriers to the 
installation of electric built-in appli- 
ances. Standard installation methods 
can and should be adapted to their re- 
quirements. Installation problems can 


*See also “Designing Safety Into Built-In Appli 
ances," Execrrica. Manuracturinc, March 1955, 
page 102. 
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be minimized through proper design of 
terminal facilities on the part of the 
manufacturer and the application of 
sound conventional wiring practices on 
the part of the contractor. Increased 
emphasis on standardization of connec- 
tions, such as terminal blocks and 
switches is also becoming imperative. 
These are of equal importance to both 
the circuit wiring and servicing the 
built-in appliance. 

At present, there is in evidence a 
conglomeration of connections ranging 
from junction boxes containing numer- 
ous leads from the operating switches, 
to terminal blocks having terminal 
screws which apparently were designed 
for doorbell wire, rather than for range 
circuits. Currently, two of the most 
time consuming operations in conjunc- 
tion with some built-in appliances are 
the splicing and taping of several lead 
wires in a junction box to make con- 
nections, and the opening and remaking 
of these splices during servicing oper- 
ations. 

The universal use of terminal con- 
nection blocks would clear up this 
problem. These should be designed and 
located with full consideration given to 
simplicity of installation and conven- 
ience for servicing. Facilities should 
also be provided for extension of the 
supply wires to other sections or ap- 
pliances in the immediate vicinity. 

Mr. MecNiece suggested the use of 
bayonet type devices, illustrated, to con- 
nect the appliance to the power supply: 
much like the present range receptacle. 


Bayonet prongs would be an integral 
part of the appliance proper, and the 
female portion would have provisions 
made for precision mounting in the rear 
of the compartment housing the appli- 
ance, or below if surface mounted. It 
would be furnished as part of the ap- 
pliance equipment. Unless something 
like this is adopted, service charges are 
bound to be extremely high and act as 
a deterrent to sales of built-in ap- 
pliances. 

Some specific suggestions regarding 
servicing were made by Mr. McNiece. 
as follows: 

FIRST, the customer must be taught 
the function and proper care of his appli- 
ance. 

SECOND, simplified well-defined in- 
structions for the serviceman are a must. 
It might be helpful to first get the views 
of service organizations before compiling 
the service technical information for a 
particular built-in appliance. 

THIRD, servicing should be a one- 
man operation and should also be de- 
signed to safeguard human hands and 
human back muscles. 

FOURTH, without sacrificing appear- 
ance, built-in appliances should be de- 
signed so most service operations can 
be performed from the front so that the 
unit does not have to be removed from 
its compartment. 

FIFTH, a longer life for built-in appli- 
ances with a minimum of service since 
the built-in appliance becomes a_ per- 
manent part of the building. 

Toward this end 
spurred to 


efforts should be 
standardize commonplace 
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Suggested plug-in arrangement would simplify installation and servicing of built-in range units. 


parts and material such as: 

1. The power distribution, circuit wir- 
ing and the appliance connection. 

2. Size of screws, nuts and bolts. 

3. Pilot lights, oven bulbs and starters 
for fluorescent lights. 

1. Motors, their shafts and mounting. 

5. Thermostats and their mounting. 

6. Uniformity in the size of openings 
for built-in appliances to permit model 
change. 

The use of rivets and press fits should 
be avoided in the assembly of the body 
of the appliance since it makes servic- 
ing difficult. 

No means has been provided at pres- 
ent for leveling built-in ovens. The re- 
sponsibility rests solely upon the car- 
penter’s accuracy in his building or 
placing the compartment assembly. 

In general, it has been found that 
provisions have not been made for ad- 
justing built-in oven doors and _ their 
toggle mechanisms, nor to adjust the 
door tension spring or springs. In some 
cases, removing the entire oven is re- 
quired just to replace the thermostats. 
thermostat capillary tube, element lead 
wires, light socket, timer, convenience 
outlet and for some door parts. 

The trend toward built-in appliances 
was traced to the “Open House Plan” 
by John H. Robinson, Jr., General Elec- 
tric Company, Louisville, Ky. When 
the homeowner could look from the liv- 
ing room directly into the kitchen, he 
saw in effect white coffins standing on 
end, called refrigerators. and cubes 
with all manner of front shapes and 
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colored trim called ranges and all types 
of white cabinetry with busy little han- 
dles over their fronts. It was truly a 
nightmare from an interior decorator’s 
or architect’s viewpoint. Those con- 
cerned with appliance design now find 
great pressures brought to bear to use 
colors on metals, and to use materials 
other than metal such as wood, textiles 
and plastics to achieve new subdued 
blended-in effects more agreeable to the 
interior decorator’s eye. 

This desire to hide or blend the ap- 
pliance services is perhaps the reason 
for the built-in approach being taken, 
using range surface units and the wall 
mounted oven. Since the refrigerator 
need only be accessible from the front, 
it too is disappearing as a box standing 
on the floor, and now is moving onto or 
into the walls. Having accepted this 
built-in trend, and in particular the in- 
sertion of appliance service components 
into the structural members of the 
house, the appliance designer must be- 
come aware of certain restrictions to 
his activities. 

In the area of wiring, the local build- 
ing inspector and the electrical inspec- 
tor are now getting curious about the 
designer’s products. Many of these in- 
spectors are dealing with antiquated 
codes which did not foresee many of 
the things being attempted today. This 
requires that educational work by quali- 
fied engineering personnel be carried 
out in the field with the cooperation of 
public utilities and municipal govern- 


ments. Some engineers may say this 


isn’t a problem because there is a Na- 
tional Electrical Code, but this is only 
a minimum code. In many sections of 
the country a number of additional re- 
quirements must also be met in order 
to carry out the installation of some 
forms of built-in appliances. 

There will be even greater difficulty 
for designers of those products involv- 
ing not only electricity but also plumb- 
ing. Although a National Plumbing 
Code has been written, until more peo- 
ple become familiar with it, the manu- 
facturer is going to be stuck with vir- 
tually hundreds of various local codes, 
many of which are almost archaic. Mr. 
Robinson urged appliance engineers to 
do all in their power to achieve the writ- 
ing of a National Plumbing Code which 
would have wide acceptance, and to set 
up a national testing agency similar to 
the Underwriters Laboratories. 

Let us consider building a washer or 
washer-dryer combination into a kitchen 
where it is simply one component under 
a continuous work surface, and the flex- 
ible hoses normally supplied are no 
longer visible so that leaks may be 
easily detected before serious damage 
is done. Plumbing inspectors in many 
areas will probably require that rigid 
supply and drain connections be made 
to this device, then the manufacturer 
will become aware of the problems as- 
sociated with various code requirements 
concerning air chambers, drain gaps 
and vacuum breaks. 

Suppose an electric appliance has its 
controls on the front panel down where 
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Heat-Sink Idea in 
Built-In Ranges 


Up until now, most manufacturers of 
built-in electric ranges have employed 
fiber glass for thermal insulation in 
densities ranging downward from 4 lb 
per cu ft. Now one of the pioneer 
manufacturers of insulated gas ranges, 
Chambers Ranges, Inc., Indianapolis, 
is introducing electric “stack-on” oven 
units using much heavier rock wool 
insulation to provide, in effect, re- 





Stack-on oven by Chambers employs rock wool 
thermal insulation for heat storage. 


tained heat on the fireless-cooker prin- 
ciple. The 24-in. wide oven has 27 
lb of thermal insulation in batts 2 in. 





thick. To provide cool exteriors there 





children can operate them. The designer 
will be placed under increasing pres- 
sure to build remote control boxes to 
permit these controls to be located on 
the backsplash of the work surface, or 
perhaps on the wall. Having done this 
he must now provide some form of cable 
between the control center and the ap- 
pliance. If this cable is going to be 
built into the building wall it can be 
subjected to local code requirements. 

\ simple thing like geographical lo- 
cation becomes increasingly important 
in built-in appliance design, since many 
code requirements’ with 
plumbing are caused by the problems 
arising as the result of freezing tem- 
peratures. One will find requirements 
along the Gulf Coast for building wire. 
for example, to be quite different than 
those in Arizona. 

The usual free standing appliance 
with hose connections and plug-in cord 


respect to 


set is rather easy to pull out and service. 
As the built-ins come into the picture. 
front servicing without access to the 
rear of the appliances becomes very de- 
sirable, and eliminates the problem of 
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is space provided by an outer metal 
shell that permits air at room temp- 
perature to be drawn in at the bottom 
through a perforated screen and cir- 
culated around five sides of the 
inner shell. Discharge is at the top 
front. Opening is concealed by an 
overhanging cover plate. 
provides the needed draft. 

In the unit illustrated the top shelf 
is stainless steel; the front frame and 
door, carbon steel plated with copper, 
then wire brushed for grain effect and 
given two coats of a clear epoxy-base 
resin finish. Oven liner is porcelain 
enameled steel. Door and frame are 
cast iron with ground face fit. Heating 
elements are sheathed and are rated 
2000 watts and 750 watts (top coil). 
Controls consist of a spring-type timer 
for preheating, electric clock control 
and thermostat. They are all located 
below the oven heat zone. 


Convection 


Surface Units With 
Thermostatic Control 


Chambers’ surface range unit has a 
satin chromium plated steel top with 
stainless steel trim and back plate. 
The under pan is aluminum. Three 
1450-watt burner units and one 2100- 
watt element are controlled by 7-step 
heat switches. Optionally, thermo- 
static control is provided the large 


element through a spring mounted 


removing wood or metal moldings in 
order to withdraw products from the 
wall or under the counter and also the 
associated repainting, papering and 
plastering that sometimes goes with this 
type of activity. 

Recent research studies in kitchen de- 
sign at Cornell University took into ac- 
count both the human and _ technolog- 
ical aspects of the kitchen as a work 
center. In reporting on this work, Glenn 
Beyer. director of the Housing Research 
Center, said that kitchen planning was 
approached in terms of the major cen- 
ters of activity. The principle 
applied to cabinet design was storage 
at the point of use. The work center idea 
was applied to four operations: Mix. 
clean, cook and serve. Besides storage 


basic 


space for pots and groceries, each work 
center has built-in appliances and light- 
ing. Ventilating fan and electrical wir- 
ing outlets are also built in. 

\ feature of the units. constructed of 
aluminum for lightness in shipping and 
handling on the job, is that the heights 
of the countertops and even the sink can 
be adjusted to the height of the woman 





This unit also occupies a space 24 in. 
wide. 

Admiral is employing the same type 
of thermostatic control (Robertshaw- 
Fulton “Thermal Eye”) for one of 
the 1500-watt, 6-in. top burner units 
of its built-in ranges. Hydraulic 
bellows element pictured contacts bot- 
of the pan and maintains heat 
within set temperature in range from 
145 F (simmer) to 425 F (frying 
through thermostat dial. Cooking top 
is brushed stainless steel, with the 
burner rims chromium plated to mini- 
mize heat tarnishing. Separate built-in 
oven unit is finished in stainless steel 
and the inlaid; lower control panel 


tom 


has a 
copper 


Hydraulic thermostat on Admiral surface unit 
is held by spring pressure against pan bottom 
to provide controlled temperature, dialed +* 
right. 
contact hydraulic thermal element. 
| 


finished in 
tarnish-proof. 


machined pattern 
treated to be 





using the units. This is done by adding 
or subtracting spacer frames. At the 
mix center, for example, where an elec- 
tric mixer is available, the work top can 
be lowered to 32 in., considered a bet- 
ter height for the average 5 ft 4 in. 
woman than the present standard 36 in. 
height. The 
the new horizontal design and is adjust- 
able to waist height. The oven center 


refrigerator center is of 


has a thoroughly insulated built-in ap- 
pliance adjustable to a comfortable 
working height. The range center has 
four the 


cabinets 


burners and controls set. in 


The 
to be assembled and moved 
into the desired kitchen arrangement as 
they are all 


counter top. four basic 


have only 


self-supporting. U- and 
L-shaped arrangements were illustrated. 
None of these units is being manufac- 
tured on a mass basis at present. 

In a round-table discussion of trends 
in appliance design. Mrs. Helen Kendall 
of “Good Housekeeping” magazine. in- 
dicated that the homemaker has insuf- 
ficient information to judge the sound- 
the built-in 
who haven't 


ness. of idea. 


them 


appliance 


Those encountered 
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are intrigued by the glamour appeal 
without having investigated the cost or 
installation problems. A happy combi- 
nation between functional use 
glamour appeal is needed. 

Mrs. Kendall questioned the wisdom 
of separating the range oven from the 
top burners, pointing out that this plan 
limits the automatic clocks to 
ovens. Adjustability of oven height she 
thought 


and 


use of 
was no gage of satisfaction. 
And she snorted at high wall mounted 
refrigerators with shelves out of reach 
of the woman of average height. She 
said definitely “no” to a waist-high dish- 
Like Mr. MeNiece, she ap- 
pealed for long life of built-ins. Her 
pessimistic conclusion: “We are floun- 
dering around: Where is the gain?” 


washer. 


Cost of installation of ranges can be 
brought down, in the opinion of R. O. 
Warner, manager of range engineering 
at Hotpoint, Inc. He believes. too, that 
half of the “do-it-yourselfers” could 
handle a range installation within code 
requirements. Long life has been built 
in through use of such structural ma- 
terials as stainless steel. chrome-plated 





steel and porcelain enameled steel. 
Much has yet to be learned from 
homemakers’ preferences according to 
E. K. Clark, manager of appliance en- 
gineering at Westinghouse. There will 
have to be a compromise between func- 
tion and glamour; it is going to cost 
more to provide all the functions de- 
sired. He said that with all the auxiliary 
table-top appliances like electric fry- 
pans and rotisseries available, only one 
or two hot plates need be provided on 
the surface unit. Later an example of 
this type of appliance center was il- 
lustrated by K. B. Smith, electric range 
engineer. Globe American Corporation. 
Speaking as a sales manager. K. R. 
Cook, American Kitchens Div. of Aveo 
Mig. Corp.. said that built-ins and the 
trend to color were the greatest trans- 
fusion in the appliance retail field 
through acceleration of obsolescences. 
He pleaded for closer coordination be- 
tween kitchen cabinet design and built- 
in ranges (See ELectrricAL MANUFAC- 
rurRING, April 1955, p. 135). Mr. Clark 
agreed that the built-ins offered a chal- 
lenge to the free-standing models. 


Outside influences on engineering 
design were emphasized by Peter 


Muller-Munk, president of the Society 
of Industrial Designers. This he said 
is the era of the industrial designer, 
the home economist, the consumer pub- 
lication, who as a group are five years 
ahead of engineering in gaging living 
trends. Design he described as a basic 
function that fills the needs of people. 
The kitchen today is looked upon as 
an architectural unit rather than in 
terms of individual monumental appli- 
ances. In making the latter costlier and 
gimmickier, a point of no return will 
eventually be reached. Architectural 
treatment of appliances follows natu- 
rally front 
active. 


where only the becomes 

In general. it was the consensus that 
the architect and the mass home builder 
are bound to exert an increasing in- 
fluence on the design of built-in ap- 
pliances through control of purchases. 
It was estimated that 85-90 per cent 
of built-ins are sold to builders. (See 
also the editorial on page 89). 
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Louis J. Perrottet 


Frank J. Oliver 


Perrottet and Oliver 
Become Gage Officers 


The election of Louis J. Perrottet and Frank J. Oliver 
as vice presidents of the company which publishes the 
magazine ELECTRICAL MANUFACTURING is announced. 

Joining Gage in 1940 as a district sales manager. 
after nine years with Fowler-Becker Publishing Com- 
Mr. manager of 
ELectricAL MANUFACTURING for the past four years. 


pany, Perrottet has been business 
He is a University of Illinois man, and at one time 
served as national field secretary of Theta Xi Frater- 
nity. He is a member of Industrial Advertising Asso- 
ciation of New York and Industrial Marketers of New 


Jersey. local chapters of the National Industrial Ad- 
; I 


vertisers Association, and the Canadian Club of New 
York, also a director and treasurer of Business Publi- 
cations Audit of Circulation, Inc. His chief hobby is 
golf, and he is a member of the Canoe Brook Country 
Club of Summit, N. J. 


Editor of ELecTRICAL 1945. 
Mr. Oliver came to Gage from the publication, “The 


Iron Age,” where he had been machine tool and tech- 


MANUFACTURING since 


nical editor. Previously he had been associated in an 
editorial capacity with the publication, “American Ma- 
chinist.”. Mr. Oliver is a graduate engineer of the 
Stevens Institute of Technology and has been engaged 
in the capacities of application engineer, tester, and 
machine designer, with such companies as SKF In- 
dustries. Inc., General Electric Company and J. M. 
Lehman Company. At one time Mr. Oliver served as 
industrial coordinator, College of Engineering, Univer- 
sity of Detroit. He is a member of American Institute 


of Electrical Engineers, also American Society of 
Mechanical Engineers. His hobbies are mountain 


climbing and photography, and much of his time has 
been given to boy scout activities. 

It is with real pleasure that Messrs. Perrottet and 
Oliver are welcomed to the official ranks of the com- 
Each 
contributions to the growing acceptance enjoyed by 
ELecTRIcCAL MANUFACTURING. L. C. Fletcher, President, 
The Gage Publishing Company. 


pany. has made constructive and substantial 
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DESIGN TRENDS 





interlocked Wind Switches Prevent Air “Short-Circuits’’ 


SAMUEL HELLER, Chief Engineer 
AMERICAN RECTIFIER Corp. 
New York City 


IN THE DESIGN of a large industrial 
selenium rectifier for use in coal mines, 
several challenging problems were en- 
countered. It was necessary first to 
supply equipment with the greatest pos- 
sible reliability since it was to be used 
in connection with services that were 
essential to the safety of the personnel 
of the mine. The rectifier stacks them- 
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selves are inherently reliable since they 
require no maintenance and their re- 
placement can be accomplished in a 
few minutes. However, rectifiers of this 
size require a cooling fan and the con- 
tinuous operation of that fan is needed 
for reasonable rectifier life. The motor 
driving the fan is, then, the limiting 
factor in reliability. 

The demand that continuous opera- 
tion of the equipment be assured made 
it necessary to design the following 
features: (1) A means to keep the 


220 volts o-c 





FIG. 2—Photograph shows greater ac- 
cessibility of cooled air to selenium stacks 
because of absence of vertical bus-bars. 
Stacks are connected independently to 
main bus-bar at base of cabinet. 


rectifier in operation in case a fan motor 
fails. (2) Safeguards to prevent extreme 
temperature rise. (3) Protection against 
overloads for a long period of time. 
(4) Automatic reclosure of the circuit 
when overload is removed. (5) Ability 
to test the rectifier with the fans inop- 


erative since the blast of air would 
make such work inside the cabinet 
impossible. This test feature was to 


be provided while simultaneously assur- 
ing that power would not ordinarily be 
available unless the fans are operating. 

The main objectives were met satis- 
factorily by supplying the equipment 
with two fans and constructing the 
units so that operation could continue 
on only one fan while retaining all the 
safety devices installed for both fans. 





FIG. 1—Schematic wiring diagram of control circuit for selenium rectifier 
stack. Bypass switches are opened mechanically when a cover plate is placed 


over the corresponding fan. This action serves to de-energize relay CR2 


when a fan has failed and its wind switch has closed. 
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Production of Silver Contacts from Wire 


A SPECIAL MACHINE developed by International Business Machines 
Corporation, Endicott, N. Y. for manufacturing control relay contact 
fingers is capable of producing 240 units per min or 115,000 per 8-hr 
shift. As shown, the 0.015 in. silver alloy wire is fed from a reel and 
advances continuously through a precision straightener located be- 
tween two sets of feed rolls. The shank of each wire form must be 
within 0.003 in. deviation of true straightness. 

All operations are automatic. From the rolls, the wire feeds into 
a die where it is cut into 1.25 in. lengths. As each length is fed out 
it is picked up by a pair of gripper fingers that move in such a way as 
to form an offset vee at one end. When forming is completed, the wire 
form is dropped, vee end down, through a tube into a plastic container. 

The silver-copper eutectic used is BT alloy (72% Ag, 28% Cu), 
manufactured by Handy & Harman, New York, chosen for its all- 
around properties of good conductivity, corrosion-resistance and 
physical stamina. Relay bases are of molded plastic with stamped 


silver inserts. 


The practice of using duplicate parts to 
avoid a breakdown is regularly in force 
in applications where extreme hazards 
are involved. Ordinarily, fans do not 
wear out very fast. Therefore, the 
safety devices provided for switching 
over to a standby fan would be sub- 
jected to long periods of disuse. When 
fan failure did occur, the possibility 
exists that the safety devices may not be 
in operating condition. Hence, con- 
stant use of both fans was decided upon 
as a continuous check on their operating 
capacity. Since the chances of both 
failing at the same time are infinitesi- 
mal, there is high probability of unin- 
terrupted operation. 

The wiring diagram, Fig. 1, shows the 
circuit that permits operation on a 
single fan, when necessary, and allows 
testing all parts of the rectifier unit 
with the fans at rest. Should. however, 
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the d-c load be applied without fan 
operation the rectifier will not accept 
it, but will trip out the circuit breaker. 
This special construction permits the 
rectifier to operate under load only 
when the fans are running. 

Fan switches and thermal relays that 
trip d-c breakers provide the means for 
testing without the fans being in opera- 
tion. With a 4300-volt a-c circuit input, 
it was particularly important not to trip 
the a-c circuit if unnecessary, as re- 
sulting line surges might damage other 
equipment. Fig. 1 shows how this was 
accomplished. 

Coil CC is the operating coil of the 
main circuit breaker which connects 
high-voltage alternating current across 
the selenium stacks. Assuming that the 
rectifier is inoperative and that it is 
desired to test the stack connections, the 
operator moves a control lever on the 


a-c input side of the rectifier. This lever 
momentarily closes contacts CS3 and 
CS4, energizing pickup coil PC and 
holding coil HC. Contacts PC-1 and 
PC-2 close to energize CC and the cir- 
cuit breaker closes. Coil HC shifts a 
mechanical latch which holds the cir- 
cuit breaker in the closed position. At 
the end of the stroke of the operating’ 
lever, contacts CS3 and CS4 open, de- 
energizing PC, HC and CC. 

The operator can now proceed with 
his tests despite the fact that the fans 
are not running. Under these condi- 
tions, wind switches WS are closed and 
relay CR2 energized. The CR2 contacts 
are closed but the open interlock con- 
tacts a prevent current through trip coil 
TC. Should anyone attempt to close the 
line switch on the load side of the stack. 
the interlock contacts a on that switch 
also will close. This would energize TC, 
shifting the holding latch and immedi- 
ately tripping the breaker. 

In normal operation. of course, the 
wind switches are open because the fans 
are on. Thus, closing of the interlock 
contacts would have no effect on the 
trip coil. 

To keep the rectifier in operation 
should one fan motor fail, an automatic 
safety device has been included to de- 
energize the second fan until the dis- 
abled fan is covered. If one of two fans 
placed side by side fails to operate, the 
second will draw through the opening of 
the idle fan. This would be equivalent 
to a short circuit of cooling air whereby 
the rectifier stack would be bypassed 
with consequent overheating. By using 
this cover, this path of least resistance 
was blocked. The cover plate has two 
holes in the upper corners from which 
it is suspended. If one fan fails to 
operate, the d-c breaker will not stay 
in. Hanging the cover plate over the 
defective fan closes a bypass switch 
allowing the breaker to go on if the 
second fan is in running condition. 

There were several collateral prob- 
lems that required solution for cooling- 
system efficiency. Any obstructions to 
the air stream, such as wiring or bus- 
bar connections, act as dirt collectors 
that eventually impede air flow. Con- 
sequently, all cables were located so as 
to prevent a minimum surface for dirt 
collection. Also, a flexible lead and lug 
were bolted to each stack independently 
and run to a main bus-bar instead of 
the usual vertical bus-bar connection 
that is both simpler and cheaper to 
manufacture. Fig. 2 shows graphically 
the resulting open construction. Equally 
important, the resulting simplicity of 
getting at a stack that might require 
replacement is an asset. All that needs 
to be done is to unbolt and bend the 
lead out of the way. 

This wiring feature may be classi- 
fied under the mechanical aspects of 
design. Other innovations of this nature 
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include the subdivision of the rectifier 
into many smaller stacks to facilitate 
replacement. Thus, about 72 stacks are 


Electronic Feed Control for Arc Lamp 


RICHARD W. ROMER 
Electrical Engineer 

Bauscu AND Loms Optica Co. 
New York 


Rochester. 


FOR MANY YEARS, various optical pro- 
jection instruments have depended on 
the carbon are as a means of obtaining 


employed where 15 larger units could 
serve. The latter approach would result 
in lower initial cost but would require 
more time, cost and labor in the event 
that replacement became necessary. 
Another interesting feature is the de- 


a bright light source. The reason is 
because of the high intrinsic brightness 
of the carbon arc spot in comparison 
with other types of enclosed arc lamps 
or a tungsten filament. 

To obtain uniform illumination from 
an are lamp, the current flowing through 


the carbons as well as the carbon spac- 
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electronic feed for are lamp. 





FIG. 2 


and thyratron tube. 


Housing of control unit is ventilated to dissipate heat from ballast 





sign of the base of the rectifier housing 
in the shape of a skid. With this ar- 
rangement, the units can be pulled into 
place by means of a winch and cable. 
This makes for extremely fast set-up of 


the packaged units at the site. O O O 


ing must be held constant. To limit the 
starting current and to stabilize the are, 
all arc lamps must be used in series 
with a ballast resistor, and assuming 
a fixed resistor value and a steady line 
voltage, the current becomes a function 
of the are spacing. 

To control this 
Bausch & Lomb 
Lamp. the 


spacing, in the 
Feed Are 
keeping the 
voltage across the are constant is util- 
ized. 


Electronic 
principle of 


Actually, the are has a negative 
volt-ampere characteristic. When the 
current is voltage in- 
For the same reason, when the 


reduced, the 
creases. 
carbons burn away and the spacing in- 
creases, the current is reduced and the 
are voltage increases. 

In the wiring diagram. Fig. 1, the 
2D21 thyratron tube is used to sense 


this change in are voltage. As the car- 


bons burn away from some _ predeter- 
mined position, the are voltage im- 


pressed on the cathode of the tube 
increases until the tube becomes non- 
conductive. A normally closed relay in 
with the plate circuit of the 
tube is de-energized. 


series 
The relay points 
close, completing the circuit to a car- 
bon-feed drive motor. 

When the carbons are fed into the 
predetermined position, the arc voltage 
is low enough for the tube to again 
become conductive. The relay is then 
re-energized and the circuit to the drive 
motor opened. Although the feeding is 
intermittent, the control circuit is sen- 
sitive enough to maintain the are volt- 
narrow 
variable resistor connected to the first 


age within a very range. A 
grid of the tube allows the operator to 
set the position to which the carbons 
will be fed. 

The resistance coil is mounted in one 
end of the ballast case. Fig. 2. 
rated by a barrier of asbestos from the 


sepa- 


control circuit in the other end to pre- 
vent a transfer of heat to the sensitive 
parts of the circuit. The control unit 
is enclosed in a perforated sheet-metal 
housing to provide for ample ventila- 
tion, since in the course of operation 
approximately 700 watts must be dissi- 
pated. 

The lamp is shown in the closed or 
operating Fig. 3 
and in the open position in Fig. 4, to 
illustrate the accessibility of the carbon 


reds, 


normal position in 


The body assembly and cover are 
each pivoted on the housing in such a 
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FIG. 3 


Assembled 


feed arc lamp. 


l2-amp electronic 


way that, as the cover is opened, the 
body is lifted up and rotated out of the 
housing by means of a chain fastened 
to the body and cover. The carbon 
holders are then exposed and the 
carbons can be readily replaced. 

The line cord seen in Fig. 3 leads to 
the lamp and the four-connector plug 
to the ballast. 

The toward each 
other by a small a-c gear-type timing 


carbons are fed 





FIG. 4—Pivoted arrangement gives ac- 
cess to carbon holders. 


motor through a system of gears and 
levers. Two friction clutches are pro- 
vided in the drive so that both carbons 
may be moved in or out together, or the 
vertical carbon may be moved _ inde- 
pendently for proper spacing adjust- 
ment. 

During the early stages of develop- 
ment, a feed motor having a speed of 
1 rpm was used. This speed caused 
considerable overtravel when the motor 


was de-energized, resulting im the car- 
bons being fed too close together. This 
condition was corrected to some extent 
by using a motor with a built-in brake 
to prevent coasting. Subsequent de- 
velopments, however, led to a slower- 
speed motor which was still fast enough 
for good intermittent feeding but re- 
quired no brake. 

Also in the initial development, it was 
found that the arc gap slowly increased 
as the carbons burned away. This was 
due to the fact that the control was 
measuring the voltage drop across the 
carbons as well as the arc, and the 
resistance of the carbons changed as 
they were consumed. To correct this de- 
fect, copper-plated carbons are used. 
The initial resistance is very low, and 
change in voltage drop across the car- 
bons is insignificant. 

Designed primarily for use with the 
Bausch & Lomb SpeedMatic Micro 
Projector (an instrument used to pro- 
ject images of microscopic specimens 
onto a screen), the Electronic Feed Arc 
Lamp will eventually be used on other 
instruments requiring a steady light 
source of high brilliance and automatic 
operation. Ooo°o 


Reciprocating Motor Powers Unique Tilt-Arbor Jig Saw 


E. G. STURGEON 
Chief Engineer 
SyNncroO CORPORATION 
Oxford, Mich. 


Riciwity with simplicity of design was 
the first objective faced in the design of 
a new tilting arbor jig saw, Fig. 1. It 
is our belief that this is the first self- 
powered jig saw to have the tilting 
arbor feature which permits work to be 
held on a horizontal surface while per- 
forming mortise or angle cuts. 

Rigidity is especially important be- 
cause of the high cutting frequency of 
120 cps, and for this reason grey iron 
castings were selected for the main 
components. In all, the unit weighs 65 
lb and requires no bolting. 

As shown in Fig. 2, the upper and 
lower tilting arbor assembly is sus- 
pended from the underside of the table 
by two spring pivots, selected for their 
ability to minimize radial play through- 
out long usage. A knob and screw at 
the front of the machine permit the 
arbor to be locked at any point 45 deg 
from the vertical by locking the as- 
sembly to the base. Angular position 
of the arbor is indicated by means of 
the protractor under the clamping 
knob; the protractor plate is tilted up- 
wards for increased visibility. For 
operator convenience and safety, the 
switch control plunger is placed in the 
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clamp knob and extends through the 
clamp screw to the switch. 

A straight line reciprocating motor is 
housed in the lower arm casting and is 
completely enclosed except for narrow 
vents. The armature pivots on a pres- 
sure-molded rubber torsion bearing of 
Syncro design. All sliding fits and clear- 
ances were eliminated to obtain quiet 
armature operation when operating at 


14,400 strokes per min. No bearing 
failures have been revealed after more 
than 2000 hr of endurance testing. 

The upper arm of the tilting arbor 
assembly houses in its front end the 
upper blade hook, the blade guide rod 
and the sawdust blower pump. As 
shown, blade tension is maintained by 
the blade tension spring acting on the 
upper blade hook. To replace a blade 





FIG. 1—Model 2500 Syncro self-powered tilt-arbor jig saw. 
Arbor can be rotated 45 deg from vertical and position is indi- 
cated by protractor at base of machine. 
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FIG. 2—Cross-sectional view of saw. Sawdust dispersal 
is provided by air pump at top of upper blade hook. 






















the return spring is deactivated by 
means of the knobbed release lever on 
top of the arbor. Two sets of index pins 
in the blade hooks permit the blade to 
be indexed 90 deg making it possible to 
cut long lengths of wood at right angles 
to the arbor. A rip fence is available 
for this purpose. 

Sawdust is dispersed from the work 
by a blower pump activated by the 
reciprocating action of the blade hook. 


Nozzle 


Spring pin pivots 


\ leather cup piston riveted to the 


upper end of the hook delivers air 
through a drilled manifold to a nozzle 
at the cutting surface. The blade guide 
tubing serves as part of the air mani- 
fold system and also holds an adjust- 
able work-holddown foot and_ blade 
guide. 

Heat generated by the rapid action of 
the blade against its guide presented a 


lubrication and materials problem. 





Leather cup 


-Upper blade hook 


>/ndex pins 


Blade guide rod 


-Blade guide 
— Hold down foot 


Pointer 


Switch 
/ control 
plunger 


— Hond 
knob 


However, specification of an oil-impreg- 
nated sintered bronze material for the 
guide solved this problem satisfactorily. 
The 20-in. throat clearance of the 
arbor permits cuts to the center of a 
10-in. diam circle. A ground working 
surface of 12x15 in. is_ provided. 
Soft woods up to 2 in. thick, plastics, 
leather and soft materials such as alu- 
minum, brass and copper can be cut. 
O00C 


Corrosion Resistant Coating for Magnesium Alloys 


A NEW LOW-VOLTAGE alkaline chromate 
process developed by the National Bu- 
reau of Standards holds considerable 
promise for reducing the cost of pro- 
tective coatings for magnesium alloys. 
Developed by the electro-deposition lab- 
oratories of NBS for the Department of 
the Army, coatings produced by the 
new method provide protection against 
salt-spray corrosion equivalent to that 





obtained from other anodizing proc- 
The process is potentially more 
economical since a low-voltage power 
supply and only two chemical constitu- 
ents other than water are used. 


esses, 


Electrodeposition Techniques 


The NBS process is similar to electro- 
plating except that alternating current 
is used instead of direct current and the 


coating is formed on both electrodes. 
Some material is deposited out of the 
solution onto the magnesium electrodes, 
but the coating is formed mainly by the 
chemical reaction between the 
trodes and the electrolyte. This process 
differs from the acid chromate and the 
HAE* anodizing process in that an 
operating voltage of only 10 to 12 volts 
a-c is used and the electrolyte bath con- 
tains only two constituents besides 
water—sodium or potassium hydroxide 
and the corresponding chromate. 

To produce a coating 1 to 2 mils 
thick on the electrodes a current of 
80 to 140 amp/sq ft is passed through 
the bath from 20 to 40 min at 150 to 
170 F. The coating produced is smooth 
and gray-green in color but is not as 
uniform in appearance as either the 
HAE or the acid chromate coatings. 
Some sheen is exhibited if the initial 
surface is very smooth. Gas adsorption 
measurements (Brumauer-Emmett-Tel- 
ler method) reveal that the coating has a 


elec- 


* Named for Harry A. Evangelides, discoverer of the 
process. 
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Improved New 


VARGLAS SILICONE\ 
Tubing and Sleeving 


3 
YOU veri Silicone has thea made more flexible. 
S 


harp turns and 90° bends cause no cracking or 
peeling — no loss of dielectric strength. 
As pioneers in the manufacture of silicone sleeving and 
tubing, we know this is the greatest improvement made 





\ 5 during the past ten years. Unexcelled where high tempera- 
\ tures must be withstood for several hours — not just for 15 
\ minutes. You need not sacrifice abrasion resistance and 
' \ toughness to get flexibility. The new Varglas Silicone sleev- 
PN | ing and tubing will pass cold bend tests at 35° to 40° 


LOWER temperature than formerly. 


The only Class H insulation 
A» with all these features: 


eS Efficient from 500° F. to — 85° F. 
Moisture and Fungus Resistant 














Flame Resistant — Self extinguishing 
Abrasion Resistant 
Dielectrically Strong with average readings up to 7,000 


volts. 
Available in 10 colors — at no extra cost. 


Sl of Varglas Silicone products as 
well as samples of our complete line of tubing 
and sleeving are available in a convenient 


‘CORPORATION 


pleat ak ——— a Just o— us a line telling us your 
Electrical Insulating problem and its peculiarities. 
s —- Tubing and Sleeving 


VARFLEX Sates @o., Tuc. 


309 N. Jay St., Rome, N. Y. 
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measurements (Brunauer-Emmett-Teller 
method) reveal that the coating has a 
smaller surface area than HAE coat- 
ings. Bending or flexing of anodized 
panels causes the coating to crack on 
the tension side of the bend and to chip 
or shatter on the compression side. 
The salt-spray protective value of the 
coating is controlled by the current 
density and bath temperature. Current 
variation between 80 and 140 amp/sq ft 
has little effect on corrosion resistance 
but lower current densities yield coat- 
ings of inferior protective value. In- 
creasing the temperature above that 
required for complete coverage also 
tends to reduce salt-spray protection. 


Direct current has been used to pro- 
duce uniform coatings; however, salt- 
spray tests showed these coated panels 
to be somewhat inferior to those coated 
in the a-c bath. 


Corrosion Tests 


Corrosion resistance of magnesium 
panels coated from baths of various 
compositions, including the HAE and 
the acid chromate, were compared with 
panels coated by the NBS process. 
After exposure to a salt spray test 
(Federal Specification QQ-M-151) for 
12 days, the coatings applied by the 
alkaline chromate bath appeared to be 
the most resistant. An example of this 
can be seen in the accompanying illus- 
tration. Magnesium alloy sample at the 


left is uncoated and has been exposed 
to salt spray; panel in center has been 
coated by the alkaline chromate process 
and has not been exposed; sample at 
right has been coated and exposed 
Comparison of the left and right panels 
indicates the resistance provided by the 
alkaline chromate process. 

As part of the investigation, several 
organic coatings—such as lacquers and 
paints—were tested for adhesion to the 
chromate coating. Adhesion was satis- 
factory if the specimens were not sub- 
jected to bending or flexing. When 
the panels are bent, loss of adhesion 
occurs on organic coatings 0.5 mil or 
more in thickness because of the failure 
of the electro-deposited coating. How- 
ever, adhesion is satisfactory on thinner 
coatings. 0:09 


Ventilator Designed for Ease of Installation 


ONE OF THE PROBLEMS frequently en- 
countered with the installation of roof 
ventilators is that of raising the unit 
into place without the use of special 
heavy-duty hoisting equipment. The 
new line of BD ventilators, manufac- 





tured by the Loren Cook Company, 
has been designed to overcome this 
problem to a great extent by using 
aluminum structural members where 


possible and by splitting the assembly 
parts. 


The shell 


into two aluminum 





and the base can be separated by re- 
moving four bolts to permit the use 
of light tackle for hoisting the units 
into place separately. 

Removal of the shell also permits 
ready access to the aluminum blower 
wheel for cleaning. Inspection of the 
motor and belt-drive is facilitated by 
the use of a hinged hood on the shell. 
With the hood in place the motor is 
sealed from the air stream. Because of 
the low inertia of the aluminum blower 
wheel the life of the drive components 
is increased. 

The BD belt-drive ventilators are 
made in sizes from 1000 cfm to 16,500 
cfm. The 16,500 cfm unit, illustrated, 
weighs 250 lb and is 41% in. high. 
Installation costs are lowered as a re- 
sult of the low roof curb of 6 in. re- 
quired. Operation is said to be com- 
paratively quiet because of the low 
blower tip speeds and rubber mounted 
drive assembly. O00 


Coaxial Mounting of Differential Input and Output Shafts 
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THE DEVELOPMENT of miniature mechan- 
ical assemblies depends largely on spe- 
cialized components designed for 
unusual space requirements. As a case 
in point, a new differential design, 
Fig. 1, containing an assembly of three 
coaxial shafts with an overall OD of 
3g inm., requires the use of specially 
designed ball bearings with unusually 
thin races. 


FIG. 1—Miniature differential designed 
to permit coaxial shaft mounting on one 
end of housing spider. 


Developed and produced by the In- 
strument Division of the Sterling Pre- 
cision Instrument Corp., Flushing, N. 
Y., the unit is intended for use in 
precision computers, servomechanisms 
and control equipment. The differential, 
which has low breakaway torque and 
less than 44 deg backlash, can be 
mounted conventionally and permits 
single line gearing. 

The two input shafts, 4 in. and %% 
in. in diam, pass through and enclose 
the output shaft from one end of a 
servo-mounted case, Fig. 2. Conven- 
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reduce internal wiring —simplify the circuit! 


€ a 


GUARDIAN 32 POLE 
SERIES 805 D.C. RELAY 


The most flexible, dependable, long lasting unit for isolating 

circuits, this new Guardian Series 805 D.C. 32-pole Relay not 

only reduces the required amount of internal wiring, but also 

enables designers to simplify auxiliary control components. Three 

versions include: (a) 32-pole shorting relay; (b) 32-pole, single throw, 

normally open, 1% amperes, non-inductive; (c) 32-pole, single throw, 

normally closed, 1% amperes, non-inductive load. With contacts completely 
enclosed by an aluminum cover, unit 

is virtually dust-proof. 


=e nn J > 
Se tors a] f ; A fourth version, also 32-pole, 


however with double throw s T is ie es is 4 A 


contact combination, is 
in the development 
stage now. 


INTERLOCK 


WHle ror 


NEW CATALOG NO. 11 


WRITE FOR STEPPER BULLETIN P-84 


GUARDIAN W ELECTRIC 


1627-H W. WALNUT STREET CHICAGO 12, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN {INDUSTRY 
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tional differentials have the input and 
output shafts at opposite ends of the 
spider. As shown, the outer input shaft 
rides on bearings supported on the 
output shaft and the output shaft in 
turn rides on bearings supported on 
the innermost input shaft. 

Because of the radii of the concen- 
tric shafts differ by only 1/16 in., 
specially designed ball bearings, manu- 
factured by Miniature Precision Bear- 
ings, Inc., Keene, N. H., are used for 
support and to maintain end play less 
than 0.001 in. The bearings, made to 
ABEC 5 tolerances, have bores of 0.125 
in. and 0.250 in., and outer diameters 
of 0.2187 in. and 0.3437 in. respectively. 
Radial thickness of each of the bear- 
ings (from bore to outer diameter) is 
only 0.0469 in. The smaller of the two 
bearings turns on 17 and the larger 
on 30 1/32-in. balls. Inner extremities 
of the input shafts also ride on minia- 
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ture bearings but the space require- 
ments are not exacting. Four miniature 
flanged radial retainer bearings with 


bores of 0.125 in. and outer diameters 
of 0.250 in. are used to support the 
bevel gear pinions. OOoOO°O 


Chromium Plating Increases Corrosion Resistance 


A NEW CHROMIUM PLATING PROCESS, 


claimed to provide better resistance to 
present 


corrosion than methods of 



























investment Castings 
for Servo Parts 


How THE INVESTMENT CASTING 
PROCESS can be utilized to produce 
parts having precise tolerances, 
lightest possible weight, and at 
minimum cost, is illustrated by a 
2-in. air valve body and disk manu- 
factured by Misco Precision Casting 
Co., Whitehall, Mich., for Barber- 
Colman Co., Rockford, Ill. The com- 
ponents are used on servo-actuated 
air valves designed for jet aircraft 
‘applications. 

If the components were produced 
by sand cdsting they would have 
had to be considerably heavier 
since they could not be cast with as 
thin a section as is possible with 
investment casting. Likewise, if the 
valves were fabricated by welding 
tubing, costs would have been 
higher. 

In designing the part for invest- 
ment casting, it was necessary to 
allow generous fillets between the 
various sections, and machining 
stock had to be allowed on the faces 
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plating on steel, has been announced 
by United Chromium, Incorporated. 
Called “crack-free chromium,” the 





the 


and valve 


seat, as well as on 
mounting bosses. The investment- 
cast parts are made of type 347 
stainless steel, and are 100 per cent 
X-rayed for internal faults). O O O 


plating is deposited free of any struc- 
tural imperfections that would allow 
corrosive materials to reach the base 
metal. 

A cross-sectional photo-micrograph of 
the new plating, Fig. 1, shows a dense 
continuous structure instead of the 
cracked interrupted structure found in 
similar photo-micrographs of ordinary 
chromium plate. Ordinary chromium 
deposits more than 0.0001 in. thick 
exhibit these cracks. Thinner decora- 
tive chromium deposits contain pores, 
varying in number with plating condi- 
tions. As the deposit thickness in- 
creases the number of pores decrease. 
but a cracked structure develops and 
continues regardless of the increase 
in structure. Corrosive media filter 
through these discontinuities in the 
plate to attack the base metal. To cope 
with this situation, chromium plating 
heretofore has called for a deposit of 
nickel under the chromium. 

Plating for the new process is done 
in a special chromic acid type bath 
having automatic regulation of the 
catalyst concentration. Standard plating 
equipment and procedures are used. 
The bath is prepared by dissolving a 
single compound, Unichrome SRHS 
Compound CF-500, in water. The same 
compound is used for maintenance. The 
Unichrome bath has good throwing 
power and its plating speed is about 
the same as ordinary chromium. 

A summary of the properties claimed 
for the Unichrome CF-500 deposit fol- 
lows: 
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if 
you 


need to control 





itll pay you to look into 


Adlake 


Adlake relays require no maintenance whatever 
...are quiet and chatterless...free from explo- 
sion hazard...dust, dirt, moisture and temper- 
ature changes can’t affect their operation. Mer- 
cury-to-mercury contact gives ideal snap 
action, with no burning, pitting or sticking. 

oa Oh Ny Time delay characteristics are fixed and non- 
Borer 

industries 


adjustable. 
ome The Adams & Westlake Company 


~Sa; Established 1857 ELKHART, INDIANA e New York ¢ Chicago 





vanet mann 





S555, 


the original and largest manufacturers of mercury plunger-type relays 
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1. Better corrosion resistance than 
ordinary chromium plated directly 
on steel (Fig. 2). Provides pro- 
tection equivalent to composite 
copper-nickel-chromium decorative 
finishes. 


No 


Crack-free deposit after heating to 
1000 F and plunging into water. 
3. Softer and more ductile than ordi- 
nary chromium (500-700 Knoop 
hardness as compared to 800-1000 
Knoop). 

4. Excellent adhesion. 

5. Improved non-galling, non-seizing 

and leveling properties. 

As an example of the protection pro- 
vided by the new finish, a steel washing 
machine agitator shaft, plated with 
0.0005 in. of ordinary chromium was 
completely covered with rust after 100 
hr of exposure to salt spray; a shaft 
plated with an equal thickness of Uni- 
chrome CF-500 was practically un- 
affected. The manufacturer also re- 
ports excellent leveling characteristics 
for the new deposit; shafts with an — ee oe Mak iain a heromam 
initial pre-plate finish of 30 to 50 rae 
microin. had a finish of 3 to 7 microin. 
after plating with 0.3 to 0.4 mils of 
Unichrome CF-500. 

In addition to industrial applications 
the new process holds promise for deco- 
rative chromium finishing. Since the 
deposit is a light gray, non-reflective 
matte, two-tone effects can be obtained 
by buffing masked-off areas to a high 





FIG. 1—Left. Cross-sectional view of crack-free chromium (center band), showing 
the dense, continuous structure. Right. View of plating (center band) obtained from 
ordinary chromium plating solution. Cracks extend a considerable distance into 
deposit and are widely spaced. 








luster. This decorative effect is being Pe ee Sr ee re Pee ee 
successfully applied to chromium plated 

zinc die-castings. The buffing operation 

is not prolonged or heavy but rather FIG. 2—Comparative effects of five months outdoor exposure on chromium plated 


similar to buffing dull nickel plate. _ steel. 


Ceiling-Hung Air Conditioning Saves Floor Space 


TO BUILT-IN APPLIANCES, including re- 
frigerators hung from the ceiling,* add 
packaged air conditioners designed to 
be shelf mounted or suspended from the 
ceiling (see cut). Developed by Gen- 
eral Electric's Commercial and Air 
Conditioning Department, Bloomfield, 
N. J., the new horizontal, packaged 
line includes both water-cooled and air- 
cooled models. The waterless models 
are said to be the first completely pack- 
aged air-cooled air conditioners of 
ratings in 3, 5 and 714-ton capacities. 

The same hermetically sealed con- 
densing unit used in floor models is 
used in the new water-cooled units. The 
entire refrigeration system is replace- 
able and is covered by a five-year war- 


*See “Designing Safety into Built-In Appliances’’ 
Evecrrica, Manuractusinc, March 1955, p. 102. 
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Thumb Replaces Spot Welder 


with Tinnerman SPEED NUTS! “J"*type Seam Nurs eliminate 


problems of hole misalignment 
and paint clogging on heating unit. 


Here is a typical assembly-line scene . . . a Tinnerman “J” type SPEED Nut i 
being applied to a panel where a weld-type fastener was formerly used. That’s 
the way to cut assembly costs—by saving precious man-hours and eliminating 
the need for special skills, tooling and equipment! 


This one-piece, self-locking, spring steel SPEED Nut brand fastener not only 
makes welding unnecessary, but it also eliminates clinching, staking, tapping, 
and costly threaded inserts. It snaps in place by hand quickly, easily, and Assembly costs cut 50% on farm 
provides a heavy-duty vibration-proof attachment. Self-retained in screw- Pilati 
receiving position, it is ideal for blind-location assembly. 


“J” type SPEED Nuts are available for a full range of screw sizes and panel 
thicknesses. In all, there are more than 8000 variations of SPEED Nut brand 
fasteners to help you reduce assembly costs. See your Tinnerman repre- 
sentative soon .. . and write for your copy of SPEED Nut “Savings Stories.” 


TINNERMAN PRODUCTS, INC. e BOX 6688, DEPT. 12, CLEVELAND 1, OHIO Se 


Canada: Dominion Fasteners, Limited, Hamilton, Ontario. Great Britain: Simmonds Aero- ‘‘J’’ type Spee Nuts help plastic 
cessories, Limited, Treforest, Wales. France: Aerocessoires Simmonds, S. A., 7 rue Henri sign maker save 48% in assem- 
Barbusse, Levallois (Seine). Germany: Hans Sickinger GmbH ‘‘MECANO”’, Lemgo-i-Lippe. bly costs. 


TINNERMAN Wut 
ASTEST THING (N FASTENINGS® 


More than 8000 shapes and sizes 
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DESIGN TRENDS 





ranty. Several improvements in sound 
reduction are incorporated. The motor 
compressor, fans, and fan drives are re- 
siliently mounted. Fans are extra large 


to move larger air volume more quietly. 

The unit is painted ceiling grey to 
blend with any interior. On air-cooled 
models return air enters through grilles 
at the bottom and sides of the unit; on 
water-cooled models, at the rear. Side 
panels snap off for easy servicing. 

An automatic electrically activated 


“muggy weather control” has _ been 
added to give even higher moisture re- 
moval on humid days. Accessories in- 
clude a heating coil which can be used 
with steam or hot water and a 3-way 
directional air distributor for free air 
delivery within the conditioned space. 

oO oO oO 


Coil Spring Redesign Increases Force and Eases Assembly 


INADEQUATE SPRING POWER for the 
guard returns on two models of portable 
power saws was a problem faced by 
the Porter-Cable Machine Co., Syra- 
cuse, N. Y. A spring was required that 
was strong enough to close the guard 
readily and hold it against the bumper 
after completing a cut. 

Engineers had tried working with 
straight lengths of spring steel but 
found that segments of the spring 
stayed flat and did not coil properly 
when wound in the spring chamber. 
These flat sections caused friction and 
sluggishness in the telescoping guard 
action. To avoid the flat sections and 
facilitate coiling, 134 in. and 1%g¢ in. 
radii were formed on the spring ends 
of the larger saw and 134 in. and 1 in. 
radii on the spring ends of the smaller. 
However, it was found that two forming 
operations were required for each radius 
and that some of the spring energy was 
lost when the 134 in. radius was used. 


To solve this problem, the Sandsteel 
Spring Division, Sandvik Steel, Inc., 
New York City, was given the job of 
designing and manufacturing a suitable 
spring. This involved shaping the spring 
previous to coiling, so as to avoid flats, 
and forming a fastening hook at the 
extreme ends. Since it was probable 
that the greater portion of the desired 
radii would be formed during the coil- 
ing process, the need for two operations 
in forming the end was eliminated. 

Research and testing showed that the 
width could remain the same for both 
spring, but that thickness and length 
should differ. The proper measurements 
were decided upon as ¥ in. x 0.02 
in. x 2934 in. for the larger saw and 1 
in. x 0.0165 in. x 2414 in. for the other 
one. 

To be sure that the springs retained 
their characteristics during transit, 
special fiber holders were designed, as 
shown, to keep the springs coiled. These 


a 


holders also permit the spring to be 
snapped directly into the guard housing 
during assembly. OOO 


Self-Lubricating Plastic Bearings Eliminate Oil Drippage 


SELF-LUBRICATING, plastic bearing in- 
serts are being used to replace metal 


LINK 
DETAIL 


oo & 
INSUROK T-602 


~ BEARING 
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bearing surfaces on woodworking ma- 
chinery to eliminate wood staining, 





maintain accuracy and improve bearing 
life. The unit, illustrated, is a double- 
end tenoner, manufactured by Curt G. 
Joa, Inc., used for cutting tenon joints 
on a mass production basis. 

Formerly, when metal bearings were 
used, the oil required for adequate 
lubrication dripped and stained the 
wood as it passed through the machine. 
Reducing the amount of oil to prevent 
staining subjected the chain and track 
to excess abrasion and wear. This not 
only reduced chain life, but also affected 
the cutting accuracy of the tenoner. 

Designers eliminated the difficulty by 
replacing the metal bearing surfaces 
with inserts of Richardson Insurok 
T-602, a self-lubricating graphitized 
phenolic laminate. Natural graphite, 
distributed uniformly throughout the 
material provides a low coefficient of 
friction. Little or no lubrication is 
required and the material retains di- 
mensional stability under heavy loads. 

Ore > 
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New Components 
and Materials 





REMOVABLE SEAL IS FEATURE OF PRELUBRICATED SEALED BALL BEARINGS 


Advantages provided by a removable, 
molded rubber, steel-backed bearing 
seal include: exclusion of solid and 
semi-fluid contaminants, effective lubri- 
cant retention, and low torque charac- 
teristics for high-speed applications. 
Two types of seals are available, in sev- 
eral standard sizes. One, the standard 
model, is said to be highly resistant to 
chemical attack, and suitable for nor- 
mal to fairly high temperature applica- 
tions. The second type is designed for 
use where especially high ambient tem- 
peratures are encountered. 

The low, uniform torque characteris- 
tics of the new sealed bearing is due to 
the design of the seal, which provides 
three deflecting bands of rubber. While 
conventional seals deflect at the inner- 
most rubbing “lip” portion, and pos- 
sibly at the outermost rim, the new seal, 
in addition, has a third point of deflec- 
tion, the intermediate band of rubber 
between the steel stiffening seal mem- 
bers. This rubber serves as a uniform 
rate spring and overcomes the problem 
of maintaining proper seal contact in 


spite of necessary bearing production 
tolerances. 

Bearings incorporating the new seal 
are provided with a wide range of lubri- 
cants to meet specific applications, thus 
assuring lifetime lubrication. In appli- 
cations where it is desirable to rejuve- 
nate the bearing grease at stated inter- 
vals to prolong its life, a suitable oil 
can be introduced into the bearing 
proper by means of a_ hypodermic 
needle forced through the rubber por- 
tion of the seal located between the 
steel seal rings. If necessary for this 
purpose the seals can be taken out and 
replaced without impairing bearing op- 
eration, provided proper care is taken 
to prevent seal damage and _ bearing 
contamination. 

The seal is currently being used in 
sealed bearings for electric motors, tex- 
tile machinery, automotive air condi- 
tioners, and many other devices. New 
Departure Div., General Motors Corp., 
Bristol, Conn. 





FLEXIBLE 
AREAS OF 
MOLOED RUBBER < 


STEEL STIFFENING 
MEMBERS 





INTEGRALLY MOUNTED MINIATURE 60-CYCLE MOTOR-TACHOMETER FEEDBACK 


Mounted on a single shaft, miniature 
60-cycle combination servo motor and 
a-c tachometer can be used to regulate 
the speed of a motor or to stabilize 
closed-loop circuits. With this integral 
mounting, backlash is zero. 





JULY 1955 


Available in five different gear reduc- 
tion ratios, the unit is also useful as 
either a differentiating or integrating 
component in analog computers, or for 
use in recording and controlling instru- 
ments. Since its design permits ready 
adjustment of the unit after installation, 
in-phase residual voltage of the tachom- 
eter is essentially zero. Adjustments are 
made by loosening four screws, and 
then adjusting the core. 

Other features include availability of 
high-impedance control phase windings 
for plate-to-plate operation; 5714/5714 
volt control-phase windings for mag- 
netic-amplifier applications; and easy 
mounting. The stator windings, potted 


in an epoxy resin, also form the end 
covers of the motor. The outer housing 
is of aluminum. 

The motor-tachometer unit is avail- 
able with motor ratings of either 1, 5 
or 10 watts output. Any one of five gear 
reduction ratios may be obtained with 
any of the three ratings. These ratios 
are: 191.1: 1; 76.6: 1; 32.4: 1; 13.8: 1; 
and 5.8: 1. 

The same tachometer-generator com- 
ponent is used with each of the three 
motors; it has an input of 115 volts 60 
cycles, an output of 5.5 volts per 1000 
rpm, and a linearity of 1 per cent. Diehl 
Manufacturing Co., Somerville, N. J. 


Circle No. 2, Reader Inquiry Facility, page 249 
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MERCOID ‘th 


THE 
SOLUTION 


Mercoid DA-400 Series Controls 
are dual purpose controls (avail- 
able for pressure or temperature) 
incorporating a single element 
operating two separate independ- 
ently adjustable Mercoid mag- 
netic mercury switches. Circuit 
arrangements can be supplied for 
various operations, a few ex- 
amples are: 


dnaoeneone om 


I. Close one alarm circuit at high setting 
and a separate circuit at low setting. Both 
circuits remain open between the high and 
low operating points of the two switches. 


2. As an electrical interlock to open one 
circuit on a rise above, and the second 
circuit on a drop below the set operating 
point. 

3. To provide two-stage control by open- 
ing one circuit on a rise and a second cir- 
cuit on a further rise. 





Pressure types available in 17 different 
operating ranges from 0-30” vac. to 
300-2500 psi. Temperature types avail- 
able in 11 operating ranges from 
-30-60°F. to 370-530°F. 


All types are equipped with external 
adjustments and visible calibrated dial. 





Our engineers are at your service— 
send in your control problem or 


WRITE FOR BULLETIN CA-PT 


THE MERCOID CORPORATION 
4211Belmont Ave., Chicago 41, Ill. 
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MANUAL MOTOR STARTER 


Manual motor starter provides across- 
the-line starting, as well as overload 
protection for fractional-horsepower 
motors driving small machine tools, 
woodworking equipment, fans, blowers 
and similar machines. 


& 
Be 





The starter, operated by means of 
an “On” and “Off” standard type toggle 
lever, has straight-through wiring with 
line terminals at the top and load ter- 
minals at the bottom—all permanently 
identified by terminal markings moulded 
into the base. 

Incorporated in the starter is an 
Eutectic alloy thermal overload relay 
with inverse time limit features, offered 
in both double and single poles; both 
open and enclosed types. The enclosed 
type has a wrap-around cover with a 
self-retained fastening screw, with the 
interior being from the 
front and both sides for easy wiring. 
Both case and are bonderized 
for rust-resistance. Knockouts for 14 in. 
conduits are included in both top and 
bottom. 

The open type has the starter me- 
chanism confined in a moulded phenolic 
shell which permits running of wires 
around it without any danger of short 
circuits. The starter has “break-off” 
plaster ears and will fit a standard 
(Handy or Gem) surface or flush-type 
outlet box with electrical 


accessible 


cover 


adequate 


clearances meeting UL requirementa. 
Insulators are not required. 

The enclosed starter is recommended 
for general application when other 
enclosures are not provided. The open 
type is suited for machine-cavity and 
back-of-plate mounting. Cutler-Hammer, 
Inc., 315 No. 12th St., Milwaukee, Wis. 
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VARIABLE SPEED DRIVE 
FOR NARROW-RANGE 
SPEED CONTROL 


Incorporating both a variable speed 
drive and a built-in differential, Speed 
Corrector infinitely variable speed drive 
is designed to provide extreme accuracy 
of speed adjustment above and below 
the input speed. The unit provides 
small, accurate speed changes for ap- 
plications where one portion of a ma- 
chine operation must be accurately 
timed with respect to another with small 
adjustments required due to such vari- 
ations as the stretch of a web of mate- 
rial between wind-up and intermediate 
rolls. 

For most applications, the transmis- 
sion is equipped with built-in gear re- 
duction, single- or two-stage helical 
spur or worm gear reducer, so that the 
range of output speed is both above and 
below the input speed. For applications 
where the input speed is low or vari- 
able, the transmission is equipped with 
a spring loading device which provides 
the traction loading 
and the encircling control ring. 


between rollers 





In operation, the roller carrier or 
spider of the Speed Corrector is driven 
by the motor (or input shaft if a trans- 
mission without motor is used). Three 
tapered rollers are supported in the 
carrier and are inclined at an angle 
equal to their taper, so that the outer 
edge of the rollers is parallel to the 
central axis of the transmission. A con- 
trol ring encircles the three rollers; 
traction pressure is developed between 
the rollers and the ring through the 
centrifugal force of the rollers as the 
carrier is rotated at motor speed. Bevel 
pinions fixed to the large end of the 
rollers engage a sun gear mounted on 
the output shaft. The speed of the out- 
put shaft is equal to the speed of the 
input shaft plus a variable speed deter- 
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CT TTL RR ee 
Fiberglas Sleeving 


Class B protection 
at 
Class A cost... 





Use BH Vinyl-Sil 8000 Fiberglas Sleeving when you want to be 
sure of product protection without premium cost. Here is 130°C 
insulation that costs no more than ordinary organic-base sleevings. 


BH Vinyl-Sil 8000 is a unique combination of organic resins, and 
those of the silicone group, forming a continuous film on braided 
Fiberglas. It offers 8,000 volts minimum dielectric breakdown 
plus unequalled heat, moisture and corrosion resistance. Here is 
another feature BH Vinyl-Sil 8000 has no capillary attraction 
to water. There can be no entrapped moisture in the braid to 
impair the effectiveness of varnish impregnations or similar 
assembly operations. 

Available in ten colors and standard sizes. Data sheets and 
samples are yours for the asking. Write today — add the advan- 
tages of this superior insulation to your designs. 

BENTLEY, HARRIS MANUFACTURING CO., 1207 BARCLAY STREET, 
CONSHOHOCKEN, PENNA. Telephone: Conshohocken 6-0634 








*BH Non-Fraying Fiberglas Sleevings 
are made by an exclusive Bentley, 
Harris process (U.S. Pat. Numbers 


aes ia? be. Tae of Ook BENTLEY, HARRIS“ /., 
Corning Fiberglas Corp. : / 
ATE 
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ELECTRIC COMPANY 


builds long 


capacitor life 
with 
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_ MR’ RESINS 








Capacitors protected with special electri- 
cal grade resins are setting new standard 
for performance and long service life. 


HIGH TEMPERATURE RESISTANCE. Resin 
type capacitors are more resistant to 
high temperatures—operating effectively 
at 100°C. and over. 


MOISTURE RESISTANCE. Molded resin im- 
pregnated capacitors have high resist- 
ance to the effects of moisture. If resin 
impregnated capacitors are affected by 
prolonged exposure to moisture, they re- 
cover their original electrical properties 
after the application of heat. 


DIELECTRIC STRENGTH. High dielectric 
strength offers space-saving advantages. 


STABILITY. Resin impregnated capacitors 
offer remarkably stable electrical char- 
acteristics during their long life. Capac- 
itance values remain virtually unchanged 
after accelerated tests representing long 
time operation. 


ECONOMICAL. Moderate original cost and 
long useful life prove resin type capaci- 
tors cost less in the long run. 


For their premium resin-type capacitors, 
leading manufacturers choose Celanese 
Marco” Resins. *Reg. U.S. Pat. Off. 


Celanese Corporation of America, 
Plastics & Resins Division, Dept. 
290 Ferry Street, Newark 5, N. J. 
Canadian Chemical Company Ltd., 
Montreal and Toronto. 
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mined by the gear ratio and the diam- 
eter of the roller at which the encircling 
control ring makes contact. The ring 
position is accurately set and main- 
tained through the control gear linkage. 
Graham Transmissions, Inc., Menomo- 
nee Falls, Wis. 


Circle No. 4, Reader 


THERMAL RELAYS WITH 
TIME DELAYS DOWN 
TO 1/10 SEC 


Time-delay intervals from 1/10 sec up 
to 5 sec are provided by a thermal 
relay using the hot-wire operating prin- 
ciple. The time delay intervals of the 
sealed relays are adjustable by means 
of a screw accessible from the top. 
Recovery rate is rapid; the relays are 
ready to time a new cycle after cooling 
for only a few seconds. Standard ener- 
gizing voltages range from 6.3 to 28 
volts; the relays may be energized inter- 
changeably on d-c, or a-c of any fre- 
quency. 

Designated the Series H, they are 


%4 in. in diam and 2%¢ in. high. Both 
flanged and 7-pin miniature plug-in 


forms are available. Weight, 1 oz. Con- 


tacts are single single throw, 


pole, 





either normally open or normally closed. 
Contact rating is 3 amp at 115 volts a-c. 
Relays are compensated for ambient 
temperatures from —70 to 100 C and 
are designated to withstand the shock 
and vibration encountered in many 
military applications. G-V Controls, Inc., 
8 Hollywood Plaza, East Orange, N. J. 

No. 5, Reader Inquiry Facility, Page 249 


TURNS-COUNTING DIAL 


Only 1542 in. in diam, the SR series 
Duodial turns-counting dial, while de- 


signed for use with the AJ series 
Helipot, is equally useful with any 


having a 1% in. 
Device consists of two 
The inner dial counts 


rotating component 
diam shaft. 
coaxial dials. 





turn; the 


each 
counts completed turns up to 10. If 
the outer dial reads 6 and the inner 
dial 43, the dial indicates 6 complete 
turns plus 43 hundredths of the 7th, 


hundredths of outer 


or 6.43 turns. When used with a 10- 
turn component, the Duodial gives a 
direct percentage reading—in this case 
64.3 per cent. 

Having no mechanical stops, the SR 
series can be used, without adjustment, 
with components having either more 
or less than 10 turns. To eliminate 
backlash, the knob on which the inner 
dial is engraved fastens directly to the 
shaft. 

Model SR 


aluminum 


101, having a_ polished 
finish with black-filled nu- 
merals and divisions, is available from 
stock. Other colors and finishes can 
be furnished on order. Helipot Corp.., 
916 Meridan Ave., South 
Calif. 


Pasadena, 


No. 6, 


1-HP PRESSURE SWITCH 


Designed for controlling home water 
equipment, low-pressure air compres- 
sors, paint sprayers and similar devices 
requiring 1 hp or less, Style S pressure 
switch is small enough to fit in the palm 
of the hand. Switch has a capacity up 
to 65 psi; normal pressure settings are 
20-40 Ib, the standard for home water 
equipment. 

The switching mechanism is designed 
so that part of the force expended by 
the toggle springs is _ transmitted 
through the laminated push rod directly 
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WHAT'S NEW IN MOTOR CONTROL? * *® *® GET IT FIRST IN CUTLER-HAMMER 


Now industry's three-phase motors 
can have full three-phase protection 
/ # >, with standard in-stock 


motor control! 





Many motor users have proved two overload re- 
lays are no longer adequate protection for three- 
phase motors. In fact, motor burn-outs due to 
inadequate motor protection have become so 
widespread that Section 4327 of the National 
Electrical Code was amended. The code now 
permits authorities to require three overload re- 
lays in three-phase motor control ...and this 
provision is already being enforced in some areas. 
Many safety experts and power engineers say 
the time is not far off when three-phase motor 
control with less than three overload relays will 
be: unacceptable. 

The use of three overload relays is not new. 
Many industrials plagued by recurring motor 
burn-outs and the resulting intolerable operating 
interruptions have changed to three-relay con- 
trol. But such changeovers have been slow to 
effect and costly as no standard control was 
available with three overload relays. Special 
constructions and enclosures have always been 
required. 

The BIG news today is that this is no longer 
true. The new Cutler-Hammer *% * * Motor 
Control offers three overload relays in all stand- 
ard starter constructions and enclosures. You 
pay only for the third relay, nothing additional 
for special engineering or manufacture. No 
extras. No delays. It is in stock at your nearby 
Cutler-Hammer Authorized Distributor. Orderit 
today and useit tomorrow. CUTLER-HAMMER, 
Inc., 1264 St. Paul am Milwaukee 1, Wis. 


oft 
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For designers of machines 
and special control panels 


The unit panel construction of Cutler-Hammer 
* * *& Motor Control makes it easy to incor- 
porate starters with three overload relays. 
Starters mount in place with only three screws, 
require no more space than starters with only 
two overload relays. NEMA Sizes O, 1 and 2 
starters and all parts thereof are now avail- 
able as components. Also a complete com- 
panion line of control relays with quickly 
interchangeable NC-NO contacts. Be sure 
you have the latest design data on this ad- 
vanced equipment. Write or wire today. 
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A GREAT NAME CONTINUES GREAT NEW ACHIEVEMENTS 


When you need 
more 
than a relay— 
consider the 
Edison 219 





So sensitive — so sure in action is the new 
EpIson 219 Sensitive Control Relay that it 
actually eliminates the need for a vacuum 
tube amplifier. Because of low operating 
power level, the Model 219 can operate 
directly from a thermocouple or photocell 
output. And this extreme sensitivity is 
matched with compact design and relative 
lightness in weight. 


Designed and developed in the world- 
famous Epison Laboratory, the new Sensi- 
tive Control Relay has proven reliability 
in military and commercial applications. 


Important features of the Epison Model 
219 include: 


extreme versatility—interchangeable coils 
can be supplied with resistances from 0.5 to 
23,000 ohms. Normal closing power may be 
increased 10,000 times without adverse effects. 


absolute stabilit 
about +1.5%. 


idium contacts — either SPST or 
SPDT, with capacity of % ampere at 28 volts 
DC, non-inductive. 


— repeatability averages 


meximum vibration resistance — withstands 
shock of 50 g’s in all planes without damage. 


Simplify your design problems by 
writing for complete data on the 
new Epison Model 219 — today! 


‘NCORPO RATED 


INSTRUMENT DIVISION 
534 LAKESIDE AVENUE 
WEST ORANGE, NEW JERSEY 





170 


to the contacts at and following the 
time of contact closure. This force pro- 
duces a contact pressure five times that 
of the contact spring alone and sub- 
stantially reduces contact resistance and 
consequently the temperature of cur- 
rent-carrying parts. 

The phosphor bronze toggle springs, 
stainless steel toggle, case hardened 
lever, and stirrup provide maximum 
bearing life for the moving parts. All 
metal parts are either resistant to corro- 
sion or are cadmium plated to resist 
corrosion, 

The toggle and push rod linkage is 
so designed that the toggle must pass 
over center before it engages the push 
rod with an impact to provide snap 
action. This feature eliminates any 
possibility of the toggle hanging on 
dead center. 

The pressure switches are furnished 
with a renewable diaphragm. Positive 
seal against leakage is attained by a 
formed ring in the metal diaphragm 
enclosure. Three types of enclosures 
are available. Furnas Electric Co., 1024 
McKee St., Batavia, Ill. 
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ELECTRIC MOTORS FOR 
AIRCRAFT 


Meeting requirements of specification 
MIL-M-7969A, new series of gearhead 
and direct-drive motors for aircraft are 
designed to drive such equipment as 
pumps, compressors, flaps, landing gear 
and armament accessories. Motors are 
supplied in frame sizes with 24%, 31%, 
and 4 in. OD. They are fan-cooled, 
explosion-proof, and totally enclosed. 





motors 


Gearhead are available for 
speeds of 5600, 7300, and 11,300 rpm, 
and with 29 gear reduction ratios rang- 
ing from 2:1 to 9:1. Continuous-duty 
ratings for motors operated between 
1050 and 3000 rpm are from % to 2144 
hp; higher ratings are available for 
motors in intermittent-duty applications. 
The motors are designed for 200-volt, 
three-phase, 400-cycle systems. 

Direct-drive motors are supplied with 
continuous ratings from 42 to 24% hp 
at speeds of 5600, 7300, and 11,300 
rpm. Higher ratings are available for 


motors in intermittent-duty applications. 
Direct-drive motors can be supplied in 
all ratings for 200-volt, three-phase, 400- 
cycle systems, and in most ratings for 
single-phase systems. 

Both types of motors feature rugged 
design. All metal parts are corrosion- 
resistant; stator and rotor punchings 
are of low-loss silicon steel; major 
components are readily removable with 
conventional tools. Westinghouse Elec- 


tric Corp., Lima, Ohio. 
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SIDE INDICATOR PANEL 
METERS 


In new side indicator panel meters, the 
scale length exceeds ASA specifications 
for conventional 41-in. meters; panel 
area is less than 43 as much. Developed 
to save space and improve readability, 
Model 1145 meters are available for 
vertical or horizontal mounting. They 





require a panel area of only 5.5 sq in., 
compared to 16.4 sq in. for a conven- 


tional 414 in. round instrument, and 
18.6 sq in. for a 4%-in, rectangular 
meter. 

Overall dimensions of Model 1145 


meters are 3.5 in. wide x 1.3 in. high x 
3.5 in. deep (plus terminal length as 
required). Weight is 9.8 oz. 

Meter has an initial accuracy of + 2 
per cent of full scale deflection on d-c 
and +5 per Micro- 
ammeter, milliammeter, and ammeter 
ranges are available from 50 ma d-c; 
a-c voltmeter ranges from 25 to 500 
volts; d-c from 50 mv to 500 volts. 

All meters are self-contained in dust- 
proof plastics cases and provide an ex- 
ternal zero adjuster accessible from 
the front. A bilevel scale reduces paral- 
lax. The front cover is made of clear 


cent on a-c. 
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plastics, curved to admit light from all 
directions. Instruments are magnetic- 


| 9 ally shielded so that they may be in- 
1M) 1 ih s yo tie = Economy 4 stalled on magnetic panels up to 14 in. 


“e thick without requiring recalibration. 
@ WENO L TL eae International Instruments, i a 
HH 0) | an at f 5 Haven 15, Conn. 
a Quiet ircle No. 9, Reader Inquiry Facility, Page 


CONTROL DEVICE 


Remote control device consisting of a 
sector gear and pinion and a wire-type 
flexible control is suitable for use with 
dampers on automotive and room air- 
conditioners and similar equipment. 


TO | ain: ik FLEXIBLE REMOTE 





The device will produce 11 in. of linear 
push-pull motion when its knob is 
turned 270 deg. The external portion of 
the control occupies only 134 in. x 144 
in. of panel area with 2% in. of clear- 
ance behind the panel. One nut is re- 
quired for mounting. Construction is of 
plated steel. Arens Controls, Inc., 2017 
Greenleaf St., Evanston, Ill. 

No. 10, Reader Inquiry Facilit 


VERSATILE STEPPING 
SWITCH 


Capable of functioning as either an 11- 
or 10-point switch Type 11  spring- 
driven stepping switch is designed for 
completing, interrupting or changing 
the connections in a succession of elec- 


MODEL A MODEL E 
2-pole, shaded pole 4-pole, shaded pole " MODEL F 
- AC Induction Type AC Induction Type 2-pole, shaded pole 
AC Induction Type 


NOT SHOWN: 


MODEL C — 2-pole, 
shaded pole AC 
Induction Type 


MODEL O — 2-pole 
Capacitor Reversi- : . * . ; 
ble Type, AC only tric circuits In response to momentary 


i 12 or 24 impulses of current. It can be used for 
selecting any desired point in a series; 

selecting the first unoccupied point in 
: a series; and sequence controlling. 

tHe GENERAL INDUSTRIES co. Also, for counting and totalizing ; gen- 
erating timed impulses; and monitoring. 

Type 11 switch may have from 1 to 





MODEL B MODEL D 
4-pole, 4-coil shaded pole 4-pole, 4-coil shaded pole 
AC Induction Type AC Induction Type 


Write for Complete Motor Catalog 





DEPARTMENT GL ¢ ELYRIA, OHIO 


BR A MR ARREARS TANNA TS A AT RC LS TTT SS SAT IR 8 bank levels of 10 or 11 points each. 
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Announcing... 


a portable, bench-type comparator for 
either horizontal or vertical projection... 






the KODAK CONTOUR PROJECTOR, Model 8 


Here’s how Kodak brings you new economy in 
checking small parts by projection gaging: 

Two-way staging: Parts can be staged in simple 
holding fixtures for horizontal projection on the 
Model 8. Or you can turn the machine on end for 
vertical projection and simply lay the workpiece on 
an easily mounted plate-glass stage. Only Kodak 
provides this choice to simplify your staging. 

Choice of magnification: Six precision projection 
lenses (10X, 20, 3114, 50X, 6244X and 100X) 
are quickly interchangeable, seat positively for pre- 
cise rated magnification. 


Large work area: Kodak’s unique relay lens sys- 
tem gives you uniform, ample working distance at 
all magnifications. 


EASTMAN KODAK COMPANY 


Special Products Sales Division 
Rochester 4, N. Y. 
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Easily portable: The cast-aluminum Model 8 is 
easily portable, designed for use on bench or table. 


Bright screen image: Coated lenses which increase 
light transmission—plus a special Fresnel lens back 
of the screen—yield a bright image, permitting you 
to use the Model 8 anywhere in the plant. 


Optical stability: Kodak’s famed Ektar Projection 
Lenses and rigidly built lens mounts and housings 
insure accurate performance year after year, provide 
precision equal to that of large toolroom projectors. 


Easy to use: Operators learn inspection procedures 
quickly, using optical gaging on the Model 8. Erect, 
right-reading image with both vertical and horizontal 
projection cuts down training time. Air-cooled lamp- 
house and handy controls assure operator ease. 


the KODAK CONTOUR PROJECTOR 
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FOR THE UTMOST 
DEPENDABILITY 
AND LONG LIFE 
E. F. JOHNSON CO. 
USES... 





a ae KILOWATT 


This superbly designed and engineered “Transmitter of 
Tomorrow”’ will meet the most rigid electrical, mechanical 
and performance specifications. 


E. F. Johnson engineers chose CHICAGO ‘‘Sealed-in-Steel’’ 
transformers for the Viking Kilowatt . . . modulation, fila- 
ments, screen voltage, bias filament, plate and matching 
choke and filter chokes . . . eleven in all, including many 
stock units. 


Here is further proof of the rugged, trouble-free construc- 
tion of CHICAGO transformers. Learn about the full line 
of the world’s toughest transformers by writing for the 
latest CHICAGO Catalog. It is available from your local 
electronic parts distributor or from Chicago Standard 
Transformer Corporation. 


<RAA 
ZARANS 


$i 
Vv 
% a 


@ 
Safe? 






BRS EI LE 
TRANSFORMER CORPORATION 
ADDISON & ELSTON + CHICAGO 18, ILL. 


Export Sales: ® 
Roburn Agencies, Inc. 
431 Greenwich St., 
New York 13, N.Y. 
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the World, Toughest 
TRANSFORMERS 





Each bank level is traversed by a pair 
of wiper springs. The rotor is driven by 
a durable stainless-steel ratchet wheel 
having 32 teeth. Wipers can be arranged 
so that the several bank levels can be 


| used independently to secure 10- or 11- 





| point operation, or in tandem to secure 


up to 33-point operation. 
Overall length is 41% in., including 


| mounting bracket. Height is 2°46 in., 
| and width with eight levels is 214 in. 


/ 


| It can be supplied hermetically sealed. 
| C. P. Clare & Co., 3101 West Pratt 
| Blvd., Chicago 45, Ill. 


| Circle No. 11, Reader 


Inquiry Facility, Page 249 


TWO-SPEED SYNCHRONOUS 
GEARMOTOR 


In 2-speed, synchronous gearmotor, 
speeds are changed electrically; speed 
reduction below the normal 1800 rpm 
is accomplished by electrically revers- 
ing the motor, and picking up a gear 
train through am internal overriding 
clutch. The output shaft rotates in the 


| same direction at either speed. 





The basic permanent split-capacitor- 
type motor provides output speeds of 
1800 and 300 rpm. Motor is designed 


| for operation on 115 volts, 60 cycles, 


and takes 10 watts at rated load. Desig- 
nated Type RBC-2510, Model CS-4121, 
it is available with other speeds and 
output shaft variations. Holtzer-Cabot 
Motor Div., National Pneumatic Co., 
Inc., 125 Amory St., Boston 19, Mass. 


Circle No. 12, Reader Inquiry Facility, Page 249 


SILICONE RUBBER FLEXIBLE 
AT 600 F 


New type of silicone rubber, capable 


| of remaining flexible at 600 F, is desig- 


| nated Class 700. 


The new materials 
are said to be capable of remaining flex- 
ible for 150 hr or longer during con- 


| tinuous exposure up to the peak of 
| their temperature range; conventional 


silicone rubber becomes brittle in less 

than 24 hr of exposure to this heat. 
Applications for Class 700 include 

kitchen-oven door seals and parts for 


ELECTRICAL MANUFACTURING 
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it’s our business 
to make stampings like these 


fovyour business 


G.P:E 


meets your needs for large 
and medium size seamless 
stampings PLUS complete finishing 
and assembly facilities 


Shown here are just a few of the hundreds of different kinds 
of seamless drawn stampings we have manufactured for 
America’s foremost companies. We made them economically, 
we made them right, we made them on time. 


Our services do not end with stamping. We have complete 
facilities for finishing and assemblying, galvanizing, spray 
finishing, vitreous enameling, welding. If desired, we even 
package your products and ship to your customers! 


Over 1000 skilled people . . . 293 deep draw and stamping 
presses . . . 97 welding machines . . . backed by 75 years’ ex- 
perience... are at your beck and call. Get full details... now! 


Write for your copy of booklet—‘‘Science 

and Skill in Sheet Metals.” It illustrates 

many jobs produced for G. P. & F. customers 
|... gives complete data on our facilities. 





new... 
precision 


High Voltage Connectors 
with 15 Contacts 


This new connector is designed for critical high volt- 
age applications, and use with AN-36 fittings. Three 
high voltage center contacts are easily removed to 
permit more convenient wiring. Outside contacts 
are available in choice of two sizes to accommo- 
date #16 or #20 AWG wire. 


Precision machined socket and pin contacts of 
spring temper phosphor bronze and brass respec- 
tively, are gold plated over silver for low contact 
resistance and easy assembly soldering. Insulating 
materials are mineral filled Melamine, Plaskon Rein- 
forced (glass) Alkyd 440 or Diallyl Phthalate — 
mineral or orlon filled. 


For complete illustrated engineering literature, and 
assistance on special or unusual connector prob- 


lems, write Dept. 800 DeJur Amsco Corporation, 
45-01 Northern Bivd., Long Island City 1, New York. 
Sales 


Division Ded i 


45-01 NORTHERN BLVD., LONG ISLAND CITY 1,N. Y. 


Electronic 































































hot materials-handling equipment. Im- 
proved high-temperature resistance of 
the Class 700 materials is said to have 
been obtained without sacrificing other 
outstanding silicone rubber properties, 
such as aging and weathering resistance, 
low temperature flexibility and low 
moisture absorption. 

The designation Class 700 covers 
silicone rubber compounds produced 
by company, as well as stocks com- 
pounded from silicone gums by rubber 
compounder-fabricators. 

Class 700 stocks are suitable for 
molding, extrusion or calendering. One 
representative compound, designated 
SE-750A, is said to be particularly 
suitable for the hot-air technique of 
curing extruded parts. General Electric 
Co., Waterford, N. Y. 

No. 13, Re Inquir 


MINIATURE TERMINALS 
AND CONTACTS FOR 
PRINTED CIRCUITS 


Miniature tubular pins and female con- 
tacts for printed circuits are said to 
cut wiring time and speed production. 
Design of the pins makes them suitable 
for a range of wiring problems. Two 
beads on the lower part of the pin 
terminal depress and snap out again 
when pushed through an accommo- 
dating panel hole. The pin snaps into 
the panel with a positive locking action, 
eliminating. rollover operations and 





possible fracturing of panel or chip- 
ping of plating. This locking action 
retains the pin until additional com- 
ponents are added and it is perma- 
nently soldered. 

Resistor, capacitor, and neon pigtails 
can be fed into the terminal at either 
the top or bottom of the panel and held 
in place by tapered portion of the 
terminal until dip-soldered. External 
leads from other components can be 
wrapped around the pin terminals and 
spot-soldered. Terminals will not 
vibrate loose during additional assembly 
or other operations prior to permanent 
soldering. 

The female contact is designed for 
use where quick connect and discon- 
nect type connections are desired. The 
female contact has an inner diameter 
slightly smaller than the outer diam- 
eter of the pin to provide proper holding 
tension. 

Both the pin and contact can be 
supplied in chain form for automatic 
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NO HARMFUL 
BLISTERS 


on Hermetic Formvar 
(Magnified 22 times) 


@ Gives you better resistance to Freon 22 
than Regular Formvar 


@ Eliminates motor failure caused by de- 
terioration of inferior Formvar films 


Results of accelerated laboratory tests, simu- 
lating operating conditions in hermetically 
sealed refrigeration units prove that Hermetic 
Formvar magnet wire has a greater resistance 
to the attack by Freon 22 than Regular Form- 
var magnet wire. This performance of General 
Cable Hermetic Formvar magnet wire is in- 


HARMFUL Hermetically 
BLISTERS 


on Regular Formvar 
(Magnified 2% times) 


HERMETIC FORMVAR MAGNET WIRE 
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Windings 
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sured by proper quality control during manu- 
facture. As a result, you get dramatic relief 
from repair and replacement problems. 


Specially designed for refrigeration units of 
5 hp and larger, Hermetic Formvar magnet 
wire is typical of the many specialized prod- 
ucts made available by General Cable. 


It will pay to find out how easily Hermetic 
Formvar magnet wire can help you. Call your 
nearest General Sales Office or write head- 
quarters today. 


GENERAL CABLE 


CcCoRPORATION 





BARE, WEATHERPROOF, INSULATED WIRES and 
CABLES FOR EVERY ELECTRICAL PURPOSE 


GENERAL CABLE CORPORATION 
Executive Offices: 420 Lexington Ave., New York 17, N. Y. 


SALES OFFICES: Atlanta ¢ Baltimore ¢ Boston ¢ Buffalo 
Chicago ¢ Cincinnati ¢ Cleveland ¢ Dallas « Denver ¢ Detroit 
Erie (Pa.) ¢ Greensboro (N. C.) ¢ Houston ¢ Indianapolis 


Kansas City « Lincoln (Neb.) ¢ Los Angeles © Memphis 
Milwaukee « Minneapolis e New Haven « Newark (N. J.) 
New York ¢ Philadelphia ¢ Pittsburgh ¢ Portland (Ore.) 
Richmond (Va.) ©* Rochester (N. Y.) ¢ Rome (N. Y.) 
St. Louis ¢ San Francisco « Seattle « Springfield (Tll.) 
Syracuse ¢ Tampa e Tulsa © Washington, D.C 
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180° VISIBILITY 


for the most effective indication 


BUILT-IN RESISTORS 


(@ patented Dialco feature) 
for operation on 105-125V. or 210-250V. 


The required RESISTOR is an integral part of 
the unit — BUILT IN (Pat. No. 2,421,321). 


Also, simple external resistors for all higher voltages. 


Illustrations 
approximately 
actual size 


Cee yar ce ee Lee 


For NEON Lamps 


Choice of fluted or clear 
caps; binding screws or 
PTC atl i tall le 


Every assembly is available complete with lamp. 
SAMPLES ON REQUEST AT ONCE — NO CHARGE 


FREE Brochure on “Selection and 
Application of Pilot Lights” 


Also write for our latest Catalogues. 


Available for both 9/16” 
and 11/16” mounting 
clearance holes. 


Foremost Manufacturer of Pilot Lights 


na DIALIGHT 


CORPORATION 
60 STEWART AVE., BROOKLYN 37, N. Y. e 


PLANT AT 
BROOKLYN, N.Y. 


HYACINTH 7-7600 


VW 
COMPLETE ELECTRICAL 


MAINTENANCE IN 


OWE 


INSTRUMENT 


wEGOHMS-OHMS-VOLTS 


MODEL 201 


VIBROTEST 


Maintenance men’s and electricians’ most 
useful tool, Vibrotest is the “packaged” 
electrical maintenance instrument that 
saves time and effort —and gives you 
accurate test results. 

Size, only 6"x814y"x 87%". PRICE, $129.75, 
Delivery from stock, F. O. B. Chicago. 
For complete data on all Vibrotests, 
write for free Bulletin 2A. 


- @ 0-200 megohms at 500 V. D. C. 
test voltage 


@ 0-2,000 ohms 

@ 0-150, 300, 600 volts A. C. 
@ 0-150, 300, 600 volts D. C. 
@ Easy-to-read 41/2” meter 

@ Completely portable 

@ Push-button operation 

@ Battery power supply 

@ Rugged steel case 


ASSOCIATED RESEARCH 


3794 BELMONT AVENUE e CHICAGO 18, ILLINOIS 
Export Dept., 308 W. Washington Blvd., Chicago 6, Ill. 


“Precision Instruments Since 1936” 


feeding and crimping operations. An 
automatic inserting machine is avail- 
able. Malco Tool and Manufacturing 
Co.. 4025 W. Lake St.. Chicago 24, Ill, 

No. 14, Reader Inquiry Facility, Page 249 


MERCURY WITH IMPROVED 
PHYSICAL PROPERTIES 


Elimination of any observable curvature 
on interior glass walls, and the reduc- 
tion of oxidation to a point where it is 
not detectable, are among the improved 
physical properties characterizing a 
new vacumetal mercury. It is said to 
present a mirror-like surface brilliance. 


Its freedom from observable miniscus 
and other advantages, make the vacu- 
metal mercury suitable for use in pre- 
instruments, computers, and 
related devices, as well as in the labora- 
tory. Both samples of mercury in the 
illustration were subjected to the same 


cision 


the improved mercury is shown 
Metalsalts Corp., 200 
Hawthorne, N. J. 


tests; 
at the right. 
Wagaraw Rd.., 
rcle No. 15, Rea 


GROUNDING-TYPE 
DUPLEX RECEPTACLE WITH 
PARALLEL SLOTS 


Grounding-type duplex receptacle, 
No. 5252, can accommodate — both 
grounding and regular-type parallel- 
blade caps and i: side-wired with a con- 
tact break-off for 2-circuit installation. 
For conventional wiring, it is equipped 
with large binding screws. 

When the receptacle is used with 
metallic wiring systems, grounding is 
directly through the metal enclosure. 
Used with non-metallic wiring systems, 
grounding is through a third wire act- 
ing as a grounding conductor. Recepta- 


Ty pe 
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so many buyers insist on 


HusiWas 
Techvuical Conamics 


because... AlSiMag is manufactured 
under strict quality control from the best 
materials available. 


because . «+ Precision tolerances and su- 


perior workmanship are matters of routine 
with AlSiMag. 


because... Thoroughly trained Re- 
search and Engineering Staffs are available, 
without charge, to help with customer’s de- 
sign and application problems. 


because... AlSiMag represents the net 
result of over 53 years of specialized experi- 
ence in the technical ceramics field. 


because... With AlSiMag, you can be 
sure of receiving as many parts as you want 
—when you want them. Four large plants 
house an abundance of the most up-to-date 
mixing equipment, high-capacity presses, 
die and tool shops, huge kilns, skilled man- 
power. 


Your own experience will add many more reasons. 
specify AlSiMag on your next order for precision 
pressed or extruded ceramics . . . see how easy your 
buying job can become! | 


saH# YEAR| AMIMIERICAN LAVA ([cxHattanooca 5, TENNESSEE 


OF CERAMIC A Subsidiary of 


LEADERSHIP <¢ re) eS Pp oO R A T a re) ae Minnesota Mining and Manufacturing Company 


Branch offices in these cities (see your local telephone directory): Cambridge, Mass. * Chicago, Ill. * Cleveland, Ohio * Dallas-Houston, Texas * Indianapolis, 
Ind. * Los Angeles, Calif. * Newark N.J. * Philadelphia-Pittsburgh, Pa. * St. Lovis, Mo. * South San Francisco, Calif. * Syracuse, N. Y. * Tulsa, Okla. 
Canada: Irvington Varnish & Insulator Div. Minnesota Mining & Mfg. of Canada, Ltd., 1390 Burlington Street East, Hamilton Ontario, Phone Liberty 4-5735. 
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for the complete story. 


Micarta's Unique Properties 
are serving every industry in 
applications ranging from tiny 
punched parts to massive steel 
mill bearings. 


8 & 


to moisture and corrosion. . 


MICARTA® simply soaks up impact. Vibration, too. And it muffles noise. Its 


inherent toughness gives it unusual compressive strength . .. high resistance 


. and to extremes in temperature. But tough 


you can 6E SURE... iF ns Westinghouse 


as it is, MICARTA can be easily and accurately fabricated. How can this 


amazing, feather-weight material serve and save for you? Use the coupon 





Westinghouse Electric Corporation, Trafford, Pa. 
Micarta Division, Attention: L. A. Pedley 


Sir: (Please check one) 
| Please have your representative call 


_| Please send me complete facts 
on MICARTA 


Name. 
Company 
Address 


a _ Zone 


| cle has a special U-shaped slot for the 


| grounding type duplex receptacles are 
| available in brown or Ivorylite, rated 


_CORD-END CIRCUIT 


machines, ironers, mixers, and similar 







___ State — 





ground blade, and a hexagonal green 
screw to which the third grounding wire 
is attached. 

The duplex receptacle complies with 
recent revisions made in the National 
Electrical Code. Both 3- and 2-wire 


at 15 amp, 125 volts. The Arrow-Hart 
& Hegeman Electric Co., 103 Hawthorne 
St., Hartford 6, Conn. 

No. 16, Reader juiry Facility, Page 249 


PROTECTOR 


Circuit protection for household elec- 
trical appliances is provided by the 
Mini-Breaker MP-452. The MP-452, 


which fits on the cord-end of washing 


devices, guards against damage due to 
overloads and short circuits. 





The MP-452 is designed to protect 3 
to 10 amp circuits. In case of an inter- 






ruption, service can normally be _ re- 
stored within 10 sec, by pressing the 
reset button. Trip-free, it will not main- 
tain a circuit that has not been cleared. 
This same reset button warns (when 
tripping is persistent) that a check-up 


is necessary. Mechanical Products, Inc., 4 
1824 River St., Jackson, Mich. C 
No. 17, R¢ nquiry Facility, Page 24 
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SUBMINIATURE SENSITIVE 3 
RELAY C 
Especially designed for guided missile w 
and other applications requiring an ex- a 
tremely small sensitive relay, Husky n 
503 is provided with one set of SPDT P 
contacts rated at 0.5 amp, 120 volts / 
d-c, non-inductive. When adjusted to a : 


sensitivity of 0.050 watt, Model 503 
will resist a vibration of 30 g up to 
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WARNER ELECTRIC 


ti 
Cuts assembly time by 60%... 
weight by 8 Ibs. Replacement of a mechan- 


ical clutch and linkage with the compact, smooth-oper- 
ating Warner ‘‘SF’’ Clutch increased portability and sim- 
plified manufacture of this semi-automatic glue tipper. 
Clutch assembly time has been reduced 60% and total 
weight by 8 Ibs. Electric clutch-coupling is actuated by 
a foot switch, and controls operation of the glue fountain. 
Motorruns continuously and the clutch-coupling engages 
power to driven shaft member until limit switch opens 
clutch circuit and de-energizes coil. Design saves wear 
and tear on machine and eliminates fatigue. 


Beat competition with 
ELECTRIC BRAKE 
AND CLUTCHES 
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JOBS... 


BRAKES AND CLUTCHES 


Automatic coupling for tail 


wheel power steering. Used as a 
clutch-coupling, Warner’s Model ‘“SF-250” transmits 
motion from the rotary actuator to the tail wheel power 
steering mechanism. When the clutch is de-energized, 
the tail wheel “‘casters.’’ But, on rough, muddy, or snow- 
covered strips, the pilot operates a switch to energize the 
drive motor and clutch, locking the tail wheel in phase 
with the rudder. Actuator operates at 10 rpm at max. 
operating torque of 1000 Ib. in. Clutch holds max. load 
with 17 volts min. applied. Compact Warner unit is 
easily designed into enclosed actuator assembly. 


Warner Electric Brake & Clutch Co. 
Dept. EM, Beloit, Wisconsin 


Gentlemen: Please send literature describing “SF” 
Electric Clutches and “RF” Electric Brakes to: 


Firm Name__ 
Individuval___ 


IN iii ca cientiemmnccactl actipias 


City 











HITEMP WIRES,INC. 
THE ONE 





SOURCE FOR 
HOOK-UP 


AND 
MAGNET WIRES 
for class © service 


Hitemp Wires, Inc. specializes in the production 
and development of Teflon* insulated wires 
for high temperature application and 
miniaturization (class H service). All Teflon 
hook-up wire meets MIL-W-16878A (E & EE). 
Teflon magnet wire, manufactured to standard 
wire gauges, is available in single, heavy, triple 
and quadruple insulation thicknesses. 


Being specialists in high temperature insulated 
wire, we Can manufacture wire and cable 
to your specific requirements. Among these 
are 50, 70 and 93 ohm coaxial cables. 


Throughout manufacture, Hitemp quality 
engineered wires are subjected to the most rigid 
tests and inspections to insure the closest 
tolerances before prompt shipment. 


Let your nearest Hitemp sales engineer help you 
with your high temperature wire problems today! 


NATIONAL REPRESENTATIVES 


CANADA, ALA., GA., LA., MD. & DEL. TEXAS 
MISS., PA., VA., W. VA. Sol W. Goodman General Power Equipment 
Aironic Accessory Co 32 W. Biddle St 4515 Prentice Street 
161 Orinc Drive Baltimore, Md Dallas, Texas 
Brightwaters, N. ¥ ILL, & WIS. MICHIGAN 
NEW YORK & NEW JERSEY Wesley L. Wilson James B. Morrow 
Par Distributors 2750 West North Ave 85 Louise Ave 
240 Old Country Rd Chicago, tl Highland Park, Mich 


Hicksville, N.Y 


WASH. D.C.—GOVT. N.C., S.C. & TENN, 
CONNECTICUT John W. Houston Jr Glenn & Larson 
Richard Whitehead, Jr 748 Washington Bidg 123 Brevard Court 


Guilford, Conn 


Washington 5, D.C Charlotte, N. C 





aie UPPER NEW YORK STATE _ ARIZ. & N. MEX. 
arry Johnson ae : 
117 N. W. 103rd St Philip L. Kirsh Russell Engineering 
Miami. Flor 4 223 Windemere Road 2140 Westwood Blvd 
V eee da Rochester, N. Y Los Angeles 25, Cal 
Richard C. Warner ARK., IOWA, KAN., MAINE, N. H., MASS., 
Box 338 MO., NEB vT., R14 
South Whitley, Ind White Supply Co Ward F. Humphrey 
. 4343 Duncan Ave 13 East Plain St 
3340 Overland Ave., KENTUCKY & OHIO EXPORT 
Los Angeles, Calif Gallagher Company Balithrall Trading Co. 
210 Post St., Rm. 915 15 Ritchie Avenue 1505 Race St 
San Francisco, Cal Cincinnati, Ohio Phila. 2. Pa 


HITEMP WIRES,INC. 
26 WINDSOR AVE., MINEOLA, NEW YORK 
——— ote adap Sracialealiin Aeggh Sonye vale Srbubaliond” 
*Du Pont’s Trade Name for POLYTETRAFLUOROETHYLENE 


“TEMPRITE”, TEFLON MAGNET WIRE 

“TEMPRITE-X", SPECIAL TEFLON MAGNET WIRE 
“TEMPRENE NON-RIGID”, FLEXIBLE TEFLON TUBING 
“TEMPREX TUBING”, TEFLON EXTRUDED TUBING 
“TEMPRENE”, TEFLON HOOK-UP WIRE 

“TEMPREX”, TEFLON EXTRUDED HOOK-UP WIRE 
“TEMPCLAD”, TEFLON INSULATED LEAD WIRE 
“RETEP”, TEFLON SATURATED GLASS BRAID LEAD WIRE 
© “NEBROC “ ”, TEFLON GLASS FIBRE CORD, TAPE AND THREAD 
® “TEMPTUBE”, TEFLON GLASS FIBRE SLEEVING 

@ “THERMALON”, SILICONE MAGNET WIRE 


eeeeoeeee 
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2000 cycles. It will withstand an operat- 
ing shock of 50 g for 0.011 sec dura- 
tion and 1000 g rotary acceleration. Re. 
lay is less than 2 in. long and 13/32 in, 
sq. Price Electric Corp., Frederick, Md. 
ircle No. 18, Reader Inquiry Facility, Page 249 


DOUBLE-REDUCTION 
SPEED REDUCER 


Redesigned, small horizontal DOX 
double-reduction speed reducer with 


zinc alloy housing, is available in ra- 
tios of 4:1 to 1600:1. Torque capacities 
range from 25 to 150 in.-lb, utilizing 





4; hp. Applications: domestic stokers, 
animated displays, pump drives, bar- 
becues, and light industrial equipment, 
among others. Standard DOX reducers 
are furnished with roller bearings; 
bronze sleeve bearings are also avail- 
able. Ohio Gear Co., 1333 East 179 St., 
Cleveland 10, Ohio. 
rcle No. 19, Reader Inquiry 
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BLACK NYLON SCREWS 
AND NUTS 


Advantage of these black nylon screws 
and nuts is that they also are insulators, 
and therefore require no_ insulating 
sleeves, bushings or washers. Possessing 
the inherent properties of nylon, the 
fasteners are non-magnetic, non-corro- 
sive and light weight. 


a4. ts 


>» © 8 ®@ 


Both internal and external threads 
are molded with smooth, glossy outside 
surface, with no sharp cut at bottom of 
threads, resulting in increased strength 
and vibration resistance. The hard-grade 
black nylon fasteners may be used up 
to 250 F; they resist weathering and 
degrading effect of ultra-violet light. 
Fasteners are available from stock in 
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Allis-Chalmers offers a complete line of Vi () T () H 


av 
mel 


all sizes 
eats 


The Allis-Chalmers line extends from small man- versing or non-reversing, and dynamic braking. 


Application Help 
An Allis-Chalmers recommendation is backed by 
the experience gained in solving thousands of 


control application problems... by complete re- 
to meet your specific needs. Control functions, search and testing facilities. Get all the facts. 


varying with application, include full or reduced See your A-C representative or write Allis- 
voltage starting, acceleration, speed control, re- Chalmers, Milwaukee 1, Wisconsin. 


ALLIS-CHALMERS 


ual starters for fractional horsepower motors 
through starters applied in controlling up to 
2500-horsepower motors. Built into every con- 


trol is the type and degree of protection required 


A-4722 
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ACCO 


Quality 





TINNED 


ARMATURE BANDING WIRE 


Stainless or Carbon Steel 


STAINLESS 


Low permeability and high resistance for 
greatest efficiency. High tensile strength 
for compactness and neat appearance. 
Non-corrosive for everlasting life and 
safety. Cheaper than bronze on equal per- 
formance basis. 


CARBON STEEL 


For motors under 5 HP. Fine working 
characteristics. Wide variety of uses. 





Wire or 
Write 


fo our 
Monessen, Pa., 
office 


Today 


Shipped on 50 to 200-pound reels 
Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 


A major innovation inthis new 
Librascope manually operated 
decimal keyboard eliminates 
sticking switch contacts and 
high contact resistance. Self- 7 
wiping slide-type contacts 
eliminate necessity for any 
switch and contact adjust- 
ments. Resistance potentiom- 
eters are simulated by two 
voltage dividers—one each for 
the X and Y axes. All keys are 
released automatically after 
point is plotted. A variety of 
contact configurations avail- 
able for manual feeding of 
decimal or binary coded deci- 
mal inputs to computer or 
other systems. 


NEW MANUAL 
X-Y PLOTTER 
KEYBOARD 


IMPROVED PERFORMANCE 
IN SUPPLYING INPUT 
SIGNALS FOR AUTOMATIC 


POINT PLOTTERS 


Write for catalog information. 
FEATURES 


DIMENSIONS — 812” wide; 
11” deep; 16” high. 


WEIGHT — 12 pounds. 


POWER — Energized by voltage 
from recorder. No external 
source required. 


() Computers and Controls 


£. & SUBSIDIARY OF GENERAL PRECIBION COUIPMENT CORPORATION 


LIBRASCOPE tNCORPORATED 1607 FLOWER ST. ¢ GLENDALE, CALIF. 
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10 sizes, including 6-32, 8-32 and 10.392. 
Weckesser Co., 5261 N. Avondale Ave, 
Chicago 30, IIL. 

No. 20, Reader Inquiry Facility, Page 24 


DRIER TIMER 


Providing a means for regulating the 
timing cycles of home clothes driers, 
new timer is completely enclosed, effec. 
tively sealing out dust, lint and other 
harmful materials. Load rating is high 





to meet tke demands of continuous, 
heavy duty cperation. Incorporated is a 
synchronous motor featuring simplified 
construction. The drier timer can be 
supplied to meet virtually any specifica- 
tions. Haydon Manufacturing Co., Inc., 
2500 Elm St., Torrington, Conn. 

rcle No. 21, Reader Inquiry Facility, Page 249 


NUCLEAR BATTERY PRODUCES 
UP TO 10,000 VOLTS 


Converting nuclear energy into electri- 
cal energy, nuclear battery is capable 
of performing reliably under tempera- 
ture conditions ranging from —60 to 
160 F. Operating life is in excess of 25 
years. Three models are available, with 
voltage and current ratings ranging 





from 1-10,000 volts and 5-2000 micro- 
microamp. The disintegration of Stron- 
tium 90 is used as the energy source; 
external radiation of the battery is said 
to be within Atomic Energy Commis 
sion tolerance limits. 

One model is a multiple voltage 
source with taps at 1, 10, 100 and 1000 
volts and a current of 2000 micromicro- 
amp; another, supplies a voltage of 375 
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Ultra-thin tape for bobbin cores is rolled to 
high precision standards for thickness and 
finish on our own 20-high Sendzimir cold 
teducing mill, beta-ray controlled. 


While for BULLETIN TC-108 


“TAPE-WOUND BOBBIN CORES 
FOR COMPUTER APPLICATIONS” 


Includes essential data on applicattons and 
properties, fabrication and testing of Arnold 
Bobbin Cores; lists standard sizes, etc. 


ADDRESS DEPT. EM-57 
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specify BOBBIN CORES hy ARNOLD 


These cores, fabricated by winding ultra-thin tape of high-permeability 
magnetic materials on ceramic bobbin cores, possess ideal qualities for 
use in electronic computer assemblies as memory cells. 

Specifically, their desirable properties include quite rectangular hysteresis 
loops, relatively low coercive values and high saturation densities; plus 
temperature stability and the ability to shift in a few microseconds from 
negative remanence to positive saturation, and vice versa, under conditions 
of pulse excitation. 

Arnold Bobbin Cores are available in a wide range of sizes, tape thick- 
nesses, widths and number of wraps to suit the ultimate use of the core. 
Magnetic materials usually employed are Deltamax, Square Permalloy 
and Supermalloy, in standard thicknesses of .001’’, .0005’’, .00025’” 
and .000125”. Special advantages derive from Arnold’s position as a 
fully-integrated producer of wound cores, able to maintain precise control 
over every production operation... melting, rolling, winding, testing, etc. 
@ Let us supply your requirements for bobbin cores or any other magnetic materials. 


w&Od 5687 
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HAGEN count switch 


ys 
machine tools — 


feed pumps — 
metering 





PAID FOR BY SAVINGS MADE 
ON JUST | TOOL 


Simply set this Hagen Count Switch to the number of opera- 
tions at which a tool should be changed. The count switch 
trips a switch after a preset number of electrical impulses 
... and thereby shuts down the machine automatically. Tool 
wear never reaches the point where tools must be ground 
down excessively to resharpen. That means increased tool 
life, reduced tooling costs and fewer rejects. Compare the 
savings on just one tool with the cost of this reasonably 
priced Hagen Count Switch. Chances are, the savings will 


be much greater. 


This Hagen Model 70 Count Switch has 72 dial divisions 
. . . 72 possible settings. Dials are available with up to 
54,000 counts. Accuracy: 1% of full scale range. Ideal for 
feed pumps and metering operations. Send coupon for 
Bulletin 780 — or data on the complete line of reset and 


repeating cycle timers and counters, interrupters and con- 


trol assemblies. 


MAIL COUPON TODAY! 


HAGEN MANUFACTURING COMPANY, INC. 
Dept. EM-755, Moline, Illinois 


(CD Please send free Bulletin 780 on Hagen Count 
Switch. 


CJ Send free data on counters, timers, interrupters 
and control assemblies. 


NAME AND TITLE 





COMPANY 





ADDRESS 


CITY ZONE STATE 


volts at a current of 50 micromicroamp, 
The third model is a high-voltage source 
supply 10,000 volts; its current rating 
is 500 micromicroamp. Its size is less 
than 5 cu in. Patterson-Moos Research 
Div., Universal Winding Co., 90-28 Van 
Wyck Expressway. Jamaica 18, N. Y. 

Circle No. 22, Reader Inquiry Facility, | 24 


AIR AND HYDRAULIC 
BOOSTER CYLINDER 


Air- and oil-operated booster cylinder 
builds up fluid pressure to 1951 psi 
with an input pressure of 100 psi, or 
will boost pressure as high as 1660 psi 
with an input of 80 psi. Cylinder will 
develop a ratio of 19.7:1. Its 5-in. air 
cylinder drives a 11g in. hydraulic ram 
that, in turn, delivers 0.994 cu. in. per 





in. of stroke. Cylinder return is ae- 
complished by air action, 

The booster cylinder is useful where 
heavy concentrations of power are need- 
ed for punching, pressing, clamping 
operations and similar requirements. It 
can maintain pressure indefinitely, per- 
forming work that would otherwise 
require much larger cylinders and many 
accessories. Airmatic Valve, Inc., 7217 
Associate Ave., Cleveland 3, Ohio. 

No. 23, Reader ry | t 


SMALL 3-WIRE PARALLEL 
SLOT GROUNDING 
RECEPTACLE 

Midget 3-wire Mini-spACe outlet is de- 
signed for equipment provided with 
convenience outlets for power take-offs. 
\ 3-wire, parallel-slot, grounding type 


Ue 





receptacle, it uses a special adapter 
plate to provide the third contact. The 
adapter plate simply slips over stand- 
ard Mini-spACe outlets. 

To mount new grounding outlets, the 
mounting surface is punched with the 
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New Westinghouse Design 
Cuts Motor Weight Up to 50% 


... one important FACT about the 


new Westinghouse 48-frame fhp motor 


Many cost-saving features make the new Westinghouse 
48-frame your best motor buy. Lighter, smaller and 
more compact in design, it can be used to advantage 
in your product. 

The lighter motor lets you use lighter mountings, 
lowering material costs. And it’s easier to handle, faster 
toinstall on assembly lines. In many cases, your shipping 
costs will be lowered, too. 

A new, lighter base—either rigid welded to frame 


you can BE SURE...i¢ irs 


Westinghouse 





or resilient—assures stronger mounting even under 
severe operating conditions. 

It is the only true all-angle mounting motor. Don’t 
expect all these benefits in any other motor. 


The Man With The Facts, your Westinghouse sales 
engineer, has all the information about this new fhp 
motor line. Contact him or write for DB-2801 for 
complete technical data. Westinghouse Electric Cor- 
poration, Small Motor Division, Lima, Ohio. _J-03019 





| 


Fact 3... straight-through ventilation 
of this new motor insures cooler op- 
eration for longer running periods, 
even at peak loads. 


JULY 1955 


Fact 4...exclusive Thermoguard® over- 
load protection (optional). It opens 
(top) when overheating occurs... it 
resets when cool to resume operation. 


Fact 5... Mylar* insulation, one half as 
thick but possessing greater dielectric 
strength, provides better moisture pro- 
tection, greater physical strength. 


*DuPont Reg. Trade-Mark 
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regular layout punch for manufactur- 
ers standard outlets plus an additional 
hole for the third grounding prong 


It pays Ke Celtel BY Grounding outlet is then lected. on 


welded, or eyeleted to the panel. Where 

chassis or mounting surface is grounded, 

no further assembly is required other 

than attaching the leads to the outlet 

terminals. Where the chassis or mount- 

a3 ing surface is ungrounded, solder tabs 
are provided on the adapter plate for 

the grounding wire: a self-tapping, 


binding head screw also can be used for 


and attaching the grounding wiring. Alden 


UREN TUCO Aye essgetycc na 


No. 24, FF 


More Engineers on A-N and civilian projects are proviog— 


SUBMERSIBLE MOTOR 


Submersible motor for water well 
pumping. with NEMA mounting dimen- 
sions, is of the “wet” type construc 


... cost less! 





Thermostatic DELAY RELAYS 


MOST COMPACT, HERMETICALLY SEALED 
Provide delays ranging from 2 to 150 seconds, 


e Actuated by a heater, they operate on A.C., a 
D.C., or Pulsating Current. f : 


e Hermetically sealed. Not affected by altitude, | [% 
moisture, or other climate changes. 


@ Circuits: SPST only — normally open or nor- 
mally closed. 


Amperite Thermostatic Delay Relays are com- \ Lf 
pensated for ambient temperature changes from | Rat 
—55° to +70°C. Heaters consume approximately wey? 

2 W. and may be operated continuously. The HITT 
units are most compact, rugged, explosion-proof, MINIATURE 
long-lived, and — inexpensive! 


TYPES: Standard Radio Octal, and 9-Pin Miniature. 
PROBLEM? Send for Bulletin No. TR-81 


Also — a new line of Amperite Differential Relays — 
may be used for automatic overload, over-voltage, under- 
voltage or under-current protection. 


BALLAST REGULATORS 


e Amperite Regulators are designed to keep the 
current in a circuit automati- E 
cally regulated at a definite [me 
value (for example, 0.5 amp). 












@ For currents of 60 ma. to 5 amps. 
Operates on A.C., D.C., Pulsating 
Current. 


eer 
GULATOR 


@ Hermetically sealed, light, compact, 
and most inexpensive. 


Amperite Regulators are the 
simplest, most effective method for obtaining 
automatic regulation of current or voltage. Her- 
metically sealed, they are not affected by changes 
in altitude, ambient temperature (—55° to 
+90°C), or humidity. Rugged; no moving parts; 
changed as easily as a radio tube. 


- 
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Raat | tion in which entrance of water into 
| the motor will cause no harm to the 
windings. A special process has been 


BATTERY VOLTAGE 


wo 


i) 


panna pent 


Write for 4-page | 
Technical Bulletin No. AB-51 "50% | ia 





developed for encasement of the copper 

V1 windings in a plastics armor impervi- 
MPERITE CO. Inc., 561 Broadway, New York 12, N. Y. ous to water. 

To guard against internal corrosion, 

the motor is factory-filled with a highly 


In Canada: Atlas Radio Corp., Ltd., 560 King St. W., Toronto 2B 
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WHEN YOU 


THINK 
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PPER 
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/, Lifetime durability and good appearance 
2. Ease of fabrication by almost all known methods 


3. Excellent electrical and thermal 
conduction properties 


4, Ready availability that recommends Hussey 
Copper as standard 


Hussey Copper offers you all these features plus dependable top 
quality and uniformity that makes it advantageous to always specify 
“Hussey Copper.” Mill service is available on mill-run quantities 
including finishing services such as shearing, slitting or special heat 
treating. For stock items call on any of the seven complete Hussey 
Copper Warehouse stocks listed below. 


Sheet * Strip ¢ Coils Cc. G. HUSSEY & COMPANY Seven Convenient Warehouses 


Bars * Anodes 


Rods « Wire * Tubing (Division of Copper Range Co.) caer : csenhmmeiid 
ROLLING MILLS AND GENERAL OFFICES @ CLEVELAND = @ PITTSBURGH 
PITTSBURGH 19, PA. @ ST. LOUIS 
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Factory 
pre-setting assures 
high accuracy ... 
eliminates costly 
pre-installation 
adjustments 


CU«£ @ CYCLING TIMERS 


The accuracy of a cycling timer depends on the exactness of the cam 
settings. If any one of the driving cams is incorrectly set, even to the 
minutest degree, the over-all program pattern or sequence of operations 
is changed. 


Cramer cycling timers are normally supplied with all cams pre-set 
to customer specifications on special calibration equipment like that 
shown above. This pantographic principle, in effect, produces a sixteen- 
time enlargement of the cam, permitting extremely close setting ac- 
curacies. 


While these timers can be adjusted in the field, factory setting as- 
sures highest accuracy and eliminates costly pre-installation adjustments. 


This is but one of the many Cramer customer services designed to 
provide greater product usefulness and satisfaction at lower cost. 


For full information about Cramer Cycling Timers, write for new 
Bulletin PB-510. 


Sf €°C. 2.A.0.4.328:5 - ON TIME CONTAOA 


“The R. W. CRAMER CO., Yue. 
BOX 8, CENTERBROOK, CONNECTICUT 





stable emulsion of oil and water, elimi- 
nating need for lubrication. The oil 
particles have a polar attraction to 
metal surfaces and deposit on them, 
preventing corrosion. Means are pro- 
vided for maintaining this emulsion at 
an effective concentration for a long 
period of time. 

Weight of rotating parts and pump 
thrust is supported by a rugged thrust 
bearing of the tilting shoe type, made 
especially for this motor. The radial 
bearings are of the hard babbitt sleeve 
type. A control box with heavy, rain- 
tight enclosure and hinged lid is pro- 
vided with each single-phase motor. 
This control box contains the starting 
capacitor, relay, overload device, motor 
data, wiring diagram and connection 
terminals. 

The submersible motor is available 
with ratings from 14 to 2 hp, single- 
phase, and 114 and 3 hp, three-phase. 
U.S. Electrical Motors Inc., 200 E, 
Slauson Ave., Los Angeles 11, Calif. 
ircle No. 25, Re ry F t é 


CAPACITORS FOR 
AUTOMATIC PRODUCTION 


Three new ceramic disk capacitors are 
intended specifically for automatic 
production. One, a pin-terminal type, 
has short, stiff terminals “46 in. long 
held at predetermined lead spacings 
(upper right in illustration). This 
capacitor is furnished either in bulk 
or in Tube-Paks for direct magazine 
loading in component-insertion ma- 


| 





rae care 2 


chines. The special pin-terminal disks 
have closely controlled coating “pants” 
on their leads so that no resin extends 
beyond the tangent line of the disk 
and yet no bare disk is exposed between 
leads. 

The taper-tab terminal unit (low 
right in illustration) is also intended 
for automatic insertion machines and 
may be obtained in Tube-Paks. The 
flat terminals are designed to jam into 
chassis slots so the capacitors will be 
held firmly during subsequent assem- 
bly operations prior to dip-soldering. 

A third model, with leads diametri- 
cally opposite to each other, is intended 
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For extra-high resistance 
to heat and corrosion— 


Splice with Du Pont TEFLON * tetrafluoroethylene resin 
coated glass fabric tape 


High stability at elevated temperatures is a char- 
acteristic of glass fabric coated with ‘“Teflon’”’ tet- 
rafluoroethylene resin. Tests show these durable 
fabrics do not lose appreciable weight after 6 
months’ exposure at 482°F. 












Electrical Properties of Single-Ply Glass Fabrics 
Coated with Du Pont “TEFLON” Tetrafluoroethylene Resin 


‘ ; 3mic|[smiil| emu {smi fiome|ia mi] METHOD 
PRODUCT QUALITY CODE 403-108] 405-112] 406A-116 |408-128]410-128]414-141| OF TEST 





Glass fabrics coated with ‘“Teflon’’ are ideal for 
corrosive conditions, too. There is no known sol- 
vent for them—and they are unaffected by prac- 
tically all chemical agents, including concentrated 
nitric and hydrochloric acids. 


Electrical Properties ASTM— 
Surface arc resistance, sec. . . . > 180|}> 180} > 180 |> 180|> 180}> 180 D-495 


Dielectric strength, 14°’ electrode v/m 
avg. . 2. . 1. we  . J 750]> 500] > 500 |> 250} > 500 |> 200 D-902 





Dielectric constant 60 cycles . . . 1.8 1.9 2.3 2.6 2.6 2.7 D-150 








Other advantages: excellent electrical properties 
over a wide range of temperatures and frequencies, 
extreme toughness and mechanical strength. It 
all adds up to outstanding electrical insulation, so 


1,000,000 cycles . . . 17 17 1.8 2.4 2.4 2.3 D-150 
Power factor GO cycles . . . ... 0025 | .0020 | .0012 | .0017 | .0011 | .0014 D-150 





1,000,000 cycles . . . .0009 | .0008 | .0010 | .0016 | .0009 } .0011 D-150 







, be sure you specify ‘““Teflon’’ coated glass fabric 
Volume resistivity, ohm-cm, room - : 
conditions: . . . . . . 10% | 10° | 10% | 10% | 10% | 100 D-257 tape next time you buy. 


300°C ie ae eee 10! 10! 10 10! 10 10 D-257 


Insulation resistance, ohms 
(96 hrs. at 90% RK. we 10° 10 10° 10° 10° 10 





For further information about the properties 
and uses of glass fabrics coated with ‘“Teflon,”’ 
just clip coupon below for your copy of our tech- 
nical bulletin. 









D-257 






Mail coupon for further information . . . 








pee ee ee oa 

| E. I. du Pont de Nemours & Co. (Inc.) | 

| Fabrics Division, E-57, Fairfield, Conn. | 

REG. U.S. Pat. OFF | I am interested in Fairprene Industrial Prod- | 

BETTER THINGS FOR BETTER LIVING | ucts. | 

... THROUGH CHEMISTRY | ( ) Havea representative call. ( Send | 

‘ | further information. | 

F AIRPRENE: 0 ______ 
| 

| Firm = eas ioietears 

INDUSTRIAL PRODUCTS Address_ de | 

COATED FABRICS + SHEET STOCKS + CEMENT a a op State 

sce is il cl a ee si wer ii agi! si sia i: ih ih. cei a i aes irae “ad 
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for tape loading in magazines. They 
have their leads precut to size and are 
automatically inserted. Sprague Elee- 


ae standard of me Ses 90 Marshall St.. North 
precision for 
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ONE-PIECE STRAIN 
RELIEFS 


Popular-size Heyco strain relief bush- 
ings are now available in one-piece 
construction, with the two component 
parts joined by an integral web of nylon 
so designed that when the strain relief 
is assembled, it in no way interfers 
with the cord. The strain relief bushing 





firmly hold the cord or cable and in- 


BRASS AND sulate it from the chassis. Push. pull 


and twist are absorbed. Approved by 
ALUMINUM NUTS the Underwriters’ Laboratories and by 


the Canadian Standards Association, 


Fifty years of manufacturing “know-how” they are available in straight-through 

stand behind Fischer brass and aluminum or right-angle design for all standard 
HEXAGON CAP NUTS nuts. | Combining this experience with wire types and cables. Heyman Manu- 

special high-speed machinery, Fischer facturing Co., 100 Michigan Ave., 

supplies precision turned nuts at prices Kenilworth, N. J. 

competitive with those produced by other No. 27, 

methods ...cuts normal delivery time to 


KNURLED THUMB NUTS absolute minimum. 
GLASS-FILLED SILICONE 


= New economies in assembly operations are 
EL ok] possible with Fischer nuts because each is RESIN MOLDING COMPOUND 
burrless ... tapped square with the face... Heat resistance ranging up to 660 F 
DOUBLE CHAMFERED cleaned and degreased ... countersunk on and improved moldability are features 
HEXAGON NUTS ; : ae : 
both sides ...tapped to Class 2 tolerances. of four new types of silicone molding 


: : ' compounds, two of which are glass- 
io Specify Fischer turned brass and aluminum filled and two of which are general- 


nuts to fill all of your requirements. An ex- 





purpose mineral-filled. 


SINGLE CHAMFERED tensive line of standard nuts is offered, and ee iii acai aie 
HEXAGON NUTS “specials” are produced with speed and coe Ss ' 
offered primarily as developmental 
economy... many types so reg- 


products, an established program per- 
mits production in sufhicient quantity 


Eé ularly that they have virtually 


become “standards” at Fischer. a ae 
to satisfy anticipated demand. 


The four silicone molding materials 
are designated GMGA-5001 Natural, 
GMGA-5002, GMGA-5003 and GMKA- 
5004. The last two of these are the 
lass-filled compounds. They are de- 


Write today for new complete catalog. 








ud 


SPECIAL MFG. CO. 
Z of electrical equipment are made _ pos- 
eee? > 421 MORGAN ST. ¢ CINCINNATI 6, OHIO sible by use of these compounds. Also, 


g 
signed for greater impact resistance 
together with good electrical properties. 
Substantial savings in weight and size 
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DEEP-CURING G-E VARNISHES 
meats your insulating meods bes’? 





9700—General-purpose grade with 
overall good through cure, flexi- 
bility and durability. 





9700-B—Low-viscosity grade for 
unusually deep penetration plus 
quick draining without strings. 


Now you can choose 
among FIVE GRADES 
in General Electric’s 
versatile 9700 series and 


expect ‘‘MORE POWER PER POUND”! 


General Electric’s 9700 series is a versatile group of 
five deep-curing insulating varnishes designed to pro- 
vide high dielectric strength, excellent hot and cold 
bonding strength, and outstanding chemical resistance 
in a variety of electrical applications. Supplied at 50% 
solids, all may be applied by conventional methods. 
Which grade is best for your insulating needs? 


Progress /s Our Most Important Product 


GENERAL @® ELECTRIC 


JULY 1955 





9700-A—Like 9700, but faster set 
time; tolerates variations in bakes 
due to heat transfer variances. 





9700-C—Low-viscosity grade de- 
signed to give faster bakes and 
greater bonding strength. 





9700-M — Normal-viscosity grade 
for faster bakes, greater bonding 
strength and harder film. 


CLIP AND MAIL 
FOR MORE DETAILS! 





General Electric Company 
Chemical Materials Department 
Section 512-1A, Building 77 
Schenectady 5, N. Y. 


Please send me a free copy of “How to Select G-E 
9700 Insulating Varnishes.” 


Name___ 
2 ——— 


Street 





City a Zone State 
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ibsiloy 
REFRACTORY CONTACTS 


maintain low temperature 


rise on new Westinghouse 
Quicklag-P Circuit Breaker 


| ea . 


‘ 
4 





On its new Quicklag-P plug-in cir- 
cuit breaker, Westinghouse has in- 
stalled Gibsiloy W-10 silver-tungsten 
contacts because they withstood a 
rigorous 5,000-amp short circuit test 
and maintained low temperature rise. 
These Refractory Gibsiloys carry the 
load, maintain low contact resistance, 
have high interrupting rating, and 
never need maintenance—factors 
which make them well suited for the 
Westinghouse Quicklag-P. 

Gibsiloy W-10 is exceptional 
among refractory contact materials 
because of its high conductivity and 
high resistance to sticking when in- 
terrupting short-circuit currents. Be- 
Cause it maintains low temperature 
rise even with small contacts, it is 
especially appropriate for small cir- 
cuit breakers similar to the Quick- 
lag-P—using one pair of contacts 
per pole. 

No silver plating of Gibsiloy W-10 
is required to maintain low contact 
resistance during shelf life. 

Temperature rise of circuit breakers 
and other electrical apparatus can 
often be reduced by adopting 
Gibsiloy W-10 contacts. To solve this 
and other problems involving con- 
tacts, call on the people whose busi- 
ness has been exclusively the design 
and manufacture of electrical contacts 
for 21 years. Let Gibson engineers 
know your needs. 


Write for free Catalog C-520. 
It contains much useful technical 
information. 


CONTACT GIBSON FIRST 


ibsilo 


ELECTRICAL CONTACTS 





GIBSON Santee ae 


8349 Frankstown Ave., Pittsburgh 21, Pa. 
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during continued operation at 570 F, 
parts made from them retained excel- 
lent electrical properties at both high 
and low frequencies. The excellent 
electrical properties exhibited by sili- 
cone molded parts at elevated tempara- 
tures are also maintained under condi- 
tions of high humidity. 

No sign of surface deterioration of 
the materials was detected after 1000 
hr in the XIA Weather-ometer, roughly 
equivalent to one year outdoors. Fabri- 
cated under standard molding condi- 
tions, the silicones are said to develop 
higher flexural strength at elevated 
temperatures than most commonly used 
organic materials. Bakelite Co., Div. of 
Union Carbide and Carbon Corp., Sales 
Correspondence Dept., 30 E. 42 St., 
New York 17, N.Y. 

No. 28, R: 


AIR CONDITIONER 
CONTROL SWITCH 


Maintained - contact. three - position 


switch controls for air conditioning 
units have an “off” position in the 


center. It is impossible to switch from 
one circuit to the other without first 
stopping at the center “off” before mov- 
ing the switch lever to the second posi- 
tion. 


ial ea 
RMON EN 





(@2-20-4-9200 a-> 





Available in 5-amp, 250-volt and 10- 
amp, 125-volt ratings, the switches are 
offered in single pole and double pole, 
double throw, black or Ivorylite models. 
They fit standard tumbler plates, or 
take plates indicating, “summer-off- 
winter.” Also available is a double pole, 
double throw model with 10-amp, 250- 
volt rating; or 20-amp, 125-volt rating. 
The Arrow-Hart & Hegeman Electric 
Co.. 103 Hawthorne St., Hartford 6, 
Conn. 

No. 29, 


SOFT SOLDERING FLUX KIT 


General-purpose soft soldering flux kit 
contains a complete set of the most 
useful fluxes, including printed-circuit, 





ultra- 
sensitive 


relays 


help solve control 
problems in wide range 
of industrial applications 


BARBER 


EL 





TYPE O 
Octal plug-in 









TYPE L 
Solder-lug 


TYPE H 
Hermetically 
sealed 


TYPE T 
Screw 
Terminals 


TYPE HV 
Hermetically 
sealed 
Minimum 
mounting 
space 


att 


Operating on input powers of 50 to 1000 
microwatts, the Barber-Colman Micro- 
positioner is ideal for use as a null de- 
tector in resistance bridge circuits, a 
differential relay in electronic plate cir- 
cuits, and an amplifier in photo-electric 
circuits. 
is SPDT, null seeking. Can be operated 
in excess of 100 cps. This ultra-sensitive 


Standard contact arrangement 


polarized d-c relay has been widely used 
in many control applications .. . 
cleonics, communications, instrumenta- 
tion, railway 
transmission, and aircraft temperature 
control and remote positioning. Write 


for Bulletin F 3961-4. 


in nu- 


process control, signal 


Barber-Colman Company 
Dept. S$, 1403 Rock Street, Rockford, Illinois 
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GOOD NEWS FOR MOTOR MANUFACTURERS... 


NOW!...Guaranteed Thermal 
Protection for Most Induction 
Type Motors Up to 4 H. P. 


BODY ... drawn steel, heavy gauge, one 
piece; absolutely leakproof; extremely 
stiff and rugged; cannot flex and change 
calibration under insertion pressures. 





SEAL... neoprene gasket and copper 
pressure washers crimped under pressure 
by steel body ... leakproof, positive, 
guaranteed to withstand all normal 
varnish impregnating cycles. 


CALIBRATION TAB... integral with body 
. all moving elements welded in tab; 
no unpredictable movement due to 
impregnating temperatures... no loss of 
calibration in installation, 


© INSULATED TERMINAL AND END CLOSURE 
... heavy silver inlay terminal inserted 
into molded thermosetting plastic closure. 











GROUND TERMINAL... heavy gauge stock 
welded to body for low resistance 
connection. 


6) CONTACTS... large diameter *.” fine 
silver mated to maintain calibration 


under repeated cycling. 


U. L. Approved Construction 
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with the NEW, IMPROVED 
FASCOSTAT 


SHOWN ACTUAL SIZE ABOVE 


e First small-size, sealed motor protector 
© Impervious to impregnation cycles 


® Guaranteed to hold calibration 
at + 5 Fahrenheit degrees 


Fasco Industries... one of America’s leading manu- 
facturers of fractional horsepower motors and many 
other electrical components for industry, proudly 
presents the all-new FASCOSTAT, precision built 
to provide improved thermal protection for most 
induction-type motors up to and including 14 H.P. 

Available in standard models up to 10 amps—115 
Volts, or up to 5 amps—230 Volts. Special ratings 
also available if desired. (We use it in our motors— 
so it has to be good!) 


For complete information on the FASCOSTAT 
and its adaptability to your product... 
CONSULT FASCO FIRST! Your inquiry is invited. 


aol 


INDUSTRIES, INC. 


ROCHESTER 2, NEW ¥ OR 
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resistivity is high — 812 to 872 ohms per circular mil foot 
at 20°C. Less wire used. 


lighter weight (more feet per pound), and per pound price 
itself is low. 


total savings up to 50%. 
for supported elements use Kanthal... 


long life in appliances, furnaces (air and neutral atmospheres), 


ignition systems, relays, .. . Thermocouple protection tubes. 
KANTHAL D & DS — 1150°C (2102°F) KANTHAL A — 1300°C (2372°F) 
(DS — Higher Creep Strength) KANTHAL Al — 1350°C (2462°F) 


for stability in precision equipment and resistors... 

use KANTHAL DR .. . its temperature coefficient is low 
(=+.00002°C between —50° and +150°C), and it has a low 
thermal EMF to copper. Fine gages available, all types of insu- 
lation. 


for temperatures up to 3000°F... 
use KANTHAL SUPER II, a revolutionary sintered metal fur- 
nace alloy. Long life, no aging, fewer controls. 


save 12% on nickel-chromium elements 

Use NIKROTHAL 8 (80/20) and 6 (60/16) ... recommended 
for suspended elements in appliances, furnaces (reducing atmos- 
pheres), rheostats. Highest quality. 


om eR me PE BEES 


Ask for KANTHAL free descriptive literature. Check 
your choices below. Clip and mail today. 


[1] KANTHAL HANDBOOK — 116 pages containing 
t physical data necessary for designing electrical 


equipment with Kanthal resistance alloys. 
i a 3 4 fy N i | YI ' (10 NIKROTHAL BROCHURE. 
(ore}:a-2e)'e Belel.m@ (|) KANTHAL SUPER II BOOKLET. 


1 
3 AMELIA PLACE, i NAME 
nd 


‘ : : 
Semcos Write on, or attach to, your company stationery 


STAMFORD, CONNECTICUT 
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electronic and general-purpose types. 
The sixteen fluxes provided make pos- 
sible the rapid determination of the 
proper flux for a given soldering re- 
quirement. Each flux is contained in a 
labeled glass bottle. Alpha Metals. Inc., 
56 Water St., Jersey City 4. N. J. 
No. 30, R« r t 


SUBMINIATURE SEALED 
PANEL METERS 


Miniaturized l-in. panel meter. Model 
100. features gasket-sealed scale win- 
dows and terminals: damage to the 
scale window will not destroy the 
watertight properties of associated 
equipment. 

\ miniaturized version of the external 
pivot D’Arsonval movement is used. 
External pivots provide accuracy and 
stability of adjustment between jewels 





and pivots. High-flux-density alnico 
magnets are another standard feature. 
Model 100 is said to meet MIL-M-3823 
watertight requirements. 

The sealed meter can be ordered with 
white. black or luminous markings on 
white or black scale background. with 
a choice of colors for the pointer. Both 
round and square mounting flange de- 
signs are possible. Electronic Sales Div.. 
DeJur-Amseo Corp., 45-01 Northern 
Blvd.. Long Island City 1. N. Y. 

No. 31, R t 


POWER SUPPLY IS 
MAGNETIC-AMPLIFIER- 
REGULATED 

New 6-volt, 5 amp power supply has a 
d-c output of 6-volts +10 per cent at 
5 amp continuously and is magnetic- 
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Industry's first full year 
performance warranty on all 
transistors announced by 
General Electric 


MADE POSSIBLE THROUGH PROVED PERFORMANCE 
IN RIGID LIFE TESTS 


NOW, IN ADDITION to the recently announced 
price reductions, General Electric provides 
a full year warranty on its complete line of 
transistors—the first warranty of its kind in 
the Semiconductor industry. 


CONTINUOUS QUALITY checks and life tests 
in G.E.’s laboratories and plants, and in the 
field, have proved conclusively the perform- 
ance superiority and longer life of the G-E 
transistors. In tests requiring operational 
stability at temperatures up to 85°C for thou- 
sands of hours, G-E transistors have sur- 
passed every specification. The full year war- 
ranty is your assurance of this performance. 


IN THE LAST 12 MONTHS the list of important 
manufacturers who have swung over to G-E 
Semiconductor Products in radio, communi- 
cations, and other electronic equipment has 
increased at a startling rate. Why not profit 
by their successful experience? Now is the 
time to use all of the many advantages of- 
fered by General Electric Semiconductors in 
the production of your equipment. Especially 
in view of their recent reductions in price 
and the new Performance Warranty. For 
additional information, write today to: 
General Electric Company, Semiconductor 
Products, Section X8075, Electronics Park, 
Syracuse, New York. 


Progress /s Our Most Important Product 


GENERAL @@) ELECTRIC 
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Three Important Production 
Factors Presented by the 





















LINE 1. ee 
OF ASSEMBLING 
EQUIPMENT 



















@ Do you have a feeding or 
assembly problem? Remember 
that DPS stands for equipment 
that will bring you greater earn- 
ings, lower costs and on-time 
schedules ... A complete line of 
modern power-driven machines 
that assures performance in 
keeping with the increased tem- meh A: 4 
po of present-day production. SCREWDRIVING 
Va ts 
Give Us your | Ps ae 
Problem . . . Seale 
Send Sample : ‘e , 
PECIA 
Assembly vee ASSEMBLY 
No Obligation! Nat) 


DETROIT POWER SCREWDRIVER CO. 


2817 W. FORT ST. DETROIT 16, MICH. 
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amplifier regulated to +1 per cent for 
a-c line input changes of 95-130 volts, 
as well as for d-c load changes from 
10 per cent to full load. Response time 
of the unit is 0.2 sec max; ripple is 
1 per cent. The a-c input is single phase, 
60-cycles. Overall dimensions are 19 in. 
x 11 in. x 834 in. Weight is 55 Ib. 
The unit, which may be supplied 
with or without meters or cabinet con- 
tain no tubes; it utilizes a selenium 
rectifier stack for a-c to d-c conversion 
and saturable reactors for the regulation 
circuitry. Perkin Engineering Corp., 
345 Kansas Street, El Segundo, Calif. 


No. 32, Reader Inquiry Facility, Page 249 


GLASS-REINFORCED 
PHENOLIC MOLDING 
COMPOUNDS 


High strength and ease in molding are 
advantages provided by a new series 
of glass-reinforced phenolic molding 
materials. Presently available are two 
glass-and-cellulose materials, designated 
RM4015 and RM4030, designed for 
heavy-duty industrial applications. 

Typical test values for RM4015 


include: 


Tensile strength, psi 
Machine direction: 19,000 22,000 
Flexural strength, psi 
Machine direction: 33,000 38,000 
Impact, notched Izod, 


ft Ib/in. 

Machine direction: 3.9 7.00 
Dielectric constant, 

10® cycles: 5.0 ao 
Power factor, 

10° cycles 0.035 0.030 
Dielectric strength, 

short time, vpm 775 775 
Mold shrinkage, mils/in. 

Machine direction: 1.0 0.9 


Available as sheets and blanked pre- 
forms, the materials are suitable for 
standard molding operations, high speed 
tapping. and the molding-in of inserts. 
The new products permit the construc- 
tion and use of very shallow molds and 
also lend themselves to use in molds 
designed for low-bulk general-purpose 
materials. Rogers Corp., Rogers, Conn. 

, No. 33, 


MAGNETIC AMPLIFIERS 


Stock magnetic amplifiers are available 
over wide ranges of impedance, power 
gain, response time and supply fre- 
quency. Toroidally wound reactors are 
used throughout and the units are avail- 
able in hermetically sealed cases or 
plastic encapsulated forms. 

Type 402, illustrated, is a two-stage 
amplifier. Power gain is 2,000,000; in- 


ELECTRICAL MANUFACTURING 





A splicing chamber in downtown Manhattan, New York 
City. At high tides these cables are submerged in heavily 
polluted, corrosive river water. The cable racks and sup- 


ports, and the ladder are Monel. This ladder was installed 
16 years ago and is as good as new. The supports were 
installed 13 years ago and are standing up just as well. 


16 years in a manhole 


ee yet Monel shows no sign of corrosion 


You’re looking into a splicing cham- 
ber, looking down from a New York 
City Street. 


The air down there is damp, cor- 
rosive. And at high tides polluted 
harbor water creeps up underground 
ducts, covers the cables that connect 
the city’s nearly 4 million phones, 
its telegraph lines, its vital police 
and fire alarm systems. 


It covers the cable supports, the 


cable support racks, even much of 


the ladder you see. 


All these fixtures were once made 
of steel. But they deteriorated so 
rapidly under these severely corro- 
sive conditions, that they had to be 


replaced in two or three years. 


So Monel came into the picture. 


In this manhole it has been down 
there 16 years. In others much longer 
—the oldest Monel ladder was in- 
stalled in 1918. And in all that time 
this customer has never had to re- 
place any Monel equipment because 
of failure due to corrosion. 


That’s something to think about! 


And when you do, think of Monel 
for other equipment used in the 
electrical and communication indus- 
tries, equipment for use where con- 
ditions are severe, inspection diff- 
cult, and reliability a must. 


Write today and get the experi- 
enced analysis of Inco’s Technical 


Service Section on any metal selec- 
tion problem that’s bothering you. 
If corrosion, high temperature, fa- 
tigue (all or any) are involved, 
there’s an excellent chance Monel 
or one of the other Inco Nickel Al- 
loys can help you. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, NUY. 


, Co Nickel All 
IN icke] Alloys 


TRADE MARE 


Monel® ¢ “R”® Monel ¢ “K”® Monel 
“KR”’® Monel ¢ “S”® Monel ¢ Inconel® 
Inconel “X”® ¢ Inconel “W"® ¢ Incoloy® 
Nimonic® Alloys * Nickel 

Low Carbon Nickel * Duranickel® 

























MODEL E-2 


COMPARISON BRIDGE 


for fast, accurate matching and measuring of 


put impedance 200 ohms: load im- 

i] a i" ; cS 1 1} i) S Cc A ay rd 7 T 0 +) cy pedance 3000 ohms; supply frequency 

400 cps at 115 volts; response time, |] 

rm Metts 500 mmfd to 2000 mfd sec. Hycor Co., Inc., 11432 Vanowen St., 
North Hollywood, Calif. 


_— INDUCTORS ircle No. 34, Ré 


! ' 3 millihenrys to 10,000 henrys 


iy ALL-METAL SHOCK MOUNTS 
on ce FOR MOBILE SERVICE 
Plate-type shock mount for protecting 
© 


equipment mounted in vehicles against 
| shock and vibration is engineered to 
meet military specifications. Mount can 
withstand dynamic loads as great as 50 





g and static loads greater than 100 g. 
In order to afford permanent protection, 


no rubber or other organic material is 


a“ used; instead, the load is carried en- 
tirely by knitted stainless steel wire 
mesh cushions known as MET-L-FLEX. 


Sloping meter face and wide-spaced component clips speed 
production line testing. Foot operated switch* allows two-hand 
operation. 

Stable, high-gain, circuit permits the detection of component 
differences amounting to only 1 part in 10,000. Five meter ranges 
indicate differences at 1%, 2.5%, 10% and 25% value full scale. 

In the design laboratory, or in assembly operations, the E-2 
Comparison Bridge offers accuracy, flexibility, and dependability. 


* EASY TO USE— 


Spring clip, and banana-plug terminals. 


OO ae ee ee 


“Foot control optional at extra cost. 
All-metal construction of the mounts 


> ACCURATE — and the cushions provides protection 


against exposure to temperature ex- 
Tolerance 0.1% on 1% scale. aa a grease, Mi onisage 0 taal 
vents. Performance does not deteriorate, 

> 4 tn COST es because the cushion does not age, weal 
= | a $185) FOB Houston. out or pack down. Design of the mount 


makes it suitable for a variety of instal- 


lations, including center-of-gravity sus- 
SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. pension. 
INDUSTRIAL INSTRUMENT DIVISION \ pplications include use for protect- 


P. O. Box 13058 2831 Post Oak Road Houston, Texas ing electromechanical equipment, radio 
and radar equipment, test equipment, 
Po and electronic equipment and controls 

aaa egg ee ‘arried in vehicles. The primary struc- 
REPRESENTATIVES THROUGHOUT THE WORLD ee ee ees ee 
ture of these new mounts is steel, 
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Visit us at Booth No. 429 at the 


THE PRODUCTION 
ax ENGINEERING 


a motor a AY SHOW 


( the Automation Exposition) 


suy Prer, Ch 


will out-perform a “standard” 









Special Purpose 
Extended Bearing Motor 








Power Transmitter 
(Clutch-Brake Motor) 


Special Purpose 
Vertical Motor. 


No standard motor can hope to match performance with 
a motor custom designed to meet unique requirements. 





rr’ 


That’s why Diehl lays so much emphasis on custom con- 
struction ... why, through the years, it has geared its 
abilities and its facilities, its design, engineering and 
manufacturing functions for maximum cooperation with 
its customers ... whatever the application. 


Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 

Please send me the following bulletins: 

(] New Type “D” Motor Bulletin No.EM-3304 


‘ [_] Consolidated Catalog & Price List No. EM-3310 
custom-tailored motors can: 








Cut costs + Save space + Reduce weight + Improve safety ee : 

Simplify design + Speed production + Improve appearance Company Se 

i When you want a fast, thorough answer to an unusual Street__— - ere 
motor problem it will pay you to consult Diehl. Name City y : State 





Peeeeccesvcccocescssccccssesesssew 


your conditions ... Diehl will design and build to match. 


cool 


INTEGRAL AND FRACTIONAL HORSEPOWER MOTORS ARE AVAILABLE IN A WIDE RANGE OF TYPES AND SIZES 
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AMERICA’S NO. 








RHEOSTATS 


Finest power rheo 
stots. UL opproved, 
interchangeable 
25 wort 50 watt 
75 watt 100 watt 

150 watt. Lorge 


stock for ready 


shipment or to your 
Porticulor need 
Engineering service 
available 


i PRODUCTS 









LINES 


Abe ise) h) 
baa 


RESISTORS 


Ar eT lal le ta 
producers of wire 
wound resistors 
have the produc 
tion facilities to 
GUARANTEE best 
delivery and finest 
rere lhag tala 
stock or 
specifications 


to your 


We invite your inquiry on RHEOSTATS and RESISTORS . . . Have you seen our latest catalog? 


Division of Model Engineering & Mfg., Inc. 


General Sates Office: 2800 Milwaukee Ave., Chicago 18, IIlinois 
“Largest producers of wire-wound resistors in the U.S.A."" 


MANUFACTURERS: Power Rheostats, Fixed Resistors, Adjustable Resistors, ‘Econohm” Resistors, “Tru-rib”’ Resistors 
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The 





VAP-OIL-TITE 
CONNECTORS 
For Liquid-Tight Flexible .... 


Metallic Conduit WL; 





Original and Dependable 


Split Ring Connector 


PREV 


The time-proven Simplet Vap-Oil- 
Tite principle, using a split ring and 
threaded grounding bushing, insures 
a permanently safe connection, pos- 
itively sealed against vapor, oil, 
water or dust. Compression nut 
squeezes the grooved split ring, 


<> 


1008 


ENTS COSTLY SHORTS 
and DOWNTIME 





makes it grip the conduit with tre- 
mendous pressure, while multiple 
points of contact between the ring 
and inside of the connector body 
provide a perfect seal. Corrosion re- 
sistant zinc or aluminum. Write for 
new bulletin and prices. 


SIMPLET ELECTRIC COMPANY 


WHOLLY OWNED SUBSIDIARY OF IDEAL INDUSTRIES, Inc. 


Park Avenue, Sycamore, Illinois 







cadmium-plated and painted olive drab. 
Robinson Aviation, Inc., Teterboro Air 
Terminal, Teterboro, N. J. 

No. 35, Reader 


INSTANT-STOPPING 
BRAKE-SERVOMOTOR UNIT 


Guaranteed for 100-hr operation at 
125 C, compact instant-stopping brake- 
servomotor unit with high acceleration 
is designated Type 2V-2397. The unit, 
also guaranteed for 1000-hr operation 
at 75 C, is said to instantly respond to 
excitation at 65 C. No preliminary 
warm-up is necessary at low tempera- 
tures. 
Theoretical 12,000 


stopping time is 0.02 


acceleration is 
radians per sec"; 
sec with no external inertia loading. 
No load-speed is 7000 rpm. Stall torque 





is 0.30 in-oz. Input power is 3 watts per 
phase; input current with rotor stalled 
is 175 ma. Required servomotor exci- 
100-cycles 2-phase: 
brake excitation, 27 volts d-c. 


tation, 26 volts. 
Stainless-steel housings provide pro- 
salt spray and high 
conditions. Designed — for 


tection against 
humidity 
guided missile and other servo applica- 
tions, motor is available without brake 
with calculated 12.000 
radians per sec”. John Oster Manufac- 
Avionic Div., 1 Main St., 


acceleration of 


turing Co.., 
Racine, Wis. 
No. 36, Re 


AIR-CONDITIONER CORD SET 


Vinyl-insulated, a new flexible cord set 
for room air conditioners is similar in 
appearance to the rip-cord type but has 
the green grounding conductor nested 
between the other two conductors. When 
the cord is ripped, the green conductor 
becomes exposed. (Cord is also avail- 
able in a two-conductor model for non- 
grounding application. ) 

Flexibility of the new cord set allows 
sharper bending than formerly possible 
with heavy. jacketed cords. Its smooth 


. 
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Quick Lever 





Saves Time — 
Speeds Work 






Everyone Can Count on 


VEEDER-ROOT 


Where time consumed in resetting is at a pre- operated manually. 
mium .. . on short machine-runs, inspection, This compact, standard counter, now readily 
military equipment and other applications. . . available from stock, is one of scores of Veeder- 


this new time-tested Quick-Reset Ratchet Root Counters (both standard and special) for 
Counter is exactly the time-saving device you) manual, mechanical and electrical operation in 
need. Just depress the easy-acting lever on the — every field from electronics to atomics. Just 
right side through 45° . . . all 4 figures reset name what you want to count... and “The 
instantly to zeros. And a thumb-lever may be Name that Counts” will help you do the job. 
used on the left side also if the counter is to be Write: 


Chicago 6, Ill. + New York 19,N.Y. + Greenville, S. C. 
VEEDER-ROOT INCORPORATED Montreal 2, Canada + Dundee, Scotland 


Offices and Agents in Principal Cities 
HARTFORD 2, CONNECTICUT oe 
® The Name that Counts’”’ 
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£ SINCE 1915 LEADERS IN AUTOMATIC CONTROL 





surface makes for easier cleaning. UL- 
approved, it will be available in a range 
of colors, and can be obtained in sizes 
oo 14 AWG and 16 AWG. A new plug 
(_\ é has been styled especially for this cord 

Uy, \ set. General Electric Co.. Accessory 

Equipment Dept., Bridgeport, Conn. 
OUTPUT SIGNAL re ee 


(RESET 
EACH CYCLE) 


INCOMING SIGNAL 
(VARIES 
IN FREQUENCY) 


MIDGET 1/10-WATT 
RESISTOR 


HOW TO ZERO-SET a 


0.140 in. long. with a 0.015 in. diam 


and l-in leads, is rated at ™4o-watt. 
q A N p 0 M a H A S F VA i | AT [ 0 N S Designated the Type TR, resistor is a 
molded composition unit with an insu- 
lating coating. It is especially suitable 


Many modern control devices are designed for applications where for use with transistors, diodes, and 
sensed input signals fluctuate randomly about an approximately known other small components in miniaturized 
frequency. In some of these applications, the information is conveyed equipment. It may be used with or 
by the phase relationship within one cycle, and the random cycle-to- without encapsulating compounds or 
cycle phase variations often submerge the signal in noise. Filtering, or CRE Toes. 


Type TR resistors are available in 
standard RETMA, JAN-R-11, and MII 


R-11 resistance values for standard 


averaging, techniques may be extremely difficult to devise because of 
the requirement for use within one cycle. 

The ingenious electro-mechanical solution shown above is a typical 
Ford answer to a difficult problem. It is rugged and reliable, yet com- 
pact and easy to service. In operation, a constant-speed motor drives a 
resolver at the required speed. The sensed input controls the operation 
of the clutch, and at each zero-crossing in the positive direction, de- 
couples the motor from the line. At the same time, the spring-loaded 
heart cam follower resets the synchro shaft to its zero position. 

In this manner, the resolver is reset to a prescribed phase relative to 
the signal at a fixed point of every cycle of the generated signal. 

This is another instance of how Ford’s engineering staff selects the 
most efficient device to solve a problem. Here at Ford mechanical and 
electronic devices are given consideration in solving any problem. 

Since 1915 the engineers at Ford Instrument Company have special- 
ized in such equipment as computers, controls, and servo-mechanisms 
in hydraulics, electronics, mechanics and magnetics for the Armed 
Forces and for industry. If you have problems in any of these fields, 
it will pay you to discuss them with Ford engineers. 





tolerances of +5 per cent, 10 per cent, 
and 20 per cent from 10 ohms to 22 

7. megohms. Voltage rating (maximum 
FORD INSTRUMENT COMPANY continuous) is 150 volts rms or d-c. 
DIVISION OF SPERRY RAND CORPORATION The resistors can be operated con- 
31-10 Thomson Avenue, Long Island City 1, N. Y. tinuously with the insulation subjected 
to a maximum potential of 200 volts, 
d-c. Maximum continuous wattage at 
ENGINEERS 70 C is 0.1 watt; at 40 C it is 0.2 watt. 
of unusual abilities can find a future at FORD INSTRUMENT COMPANY. Write for information. Type TR derates linearly from 0.1 watt 
at 70 C to zero at 100 C. Ratings are 
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Examine the designs of all your products and 
machines. No doubt you can use retaining rings 
on axles and in housings—not only to save as- 
sembly time, but to save weight, parts and space. 

The use of these inexpensive yet efficient arti- 
ficial shoulders 1s already widespread, and is in- 
creasing daily. 

There are literally thousands of places in which 
redesigning for retaining rings can increase your 
profits and improve your products — uses ranging 





from heavy duty engines and drill presses to 
toys, gadgets and small parts of innumerable 
articles. 

It's wasteful to cut down shafts to make shoul- 
ders. Redesign to groove smaller shafts and hous- 
ings and use these high grade steel rings. 

Let our engineers consult with you. Send for 
folders. 

Don't pass up this opportunity to increase 
profits. 


THE NATIONAL LOCK WASHER CO. 


NEWARK 5, NEW JERSEY * MILWAUKEE 2, WISCONSIN 


Loa ee 
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based upon an average resistance 
| change of less than 6 per cent after 
1000 hr of operation. Allen-Bradley 
GARLOCK MECHANIPAK SEAL Co., 136 W. Greenfield Ave., Milwaukee 
1. Wis. 
No. 38, R« 





PERMANENT-MAGNET 
SYNCHRONOUS MOTOR 


Having a 1° 64-in. OD, shaded-pole, 
permanent-magnet, synchronous motor 
has a special field-pole arrangement 
that assures predetermined rotor direc- 
tion and low rotor speeds. This design 
reduces the gear reduction required for 
most practical speeds and_ insures 
higher starting and running torque than 





Type BB-21A is generally available in motors of this 
size. The motor is lifetime-lubricated, 
SPE 


for Rotating Pump Shafts at 
pressures up to 150 p.s.i. 


COMPLETELY ASSEMBLED — READY TO INSTAL 


The Garlock BB-21A MEcHANIPAK Seal, proven 
in service on thousands of water pumps, provides 
a low cost leakless seal. 


IMPORTANT FEATURES 
This MECHANIPAK Seal occupies a very small 
space—specifically designed for rotary pump 





shafts. It comes completely assembled, ready to 
install. Standard construction includes brass 
shell, brass washer and Buna-N bellows. Other 
materials available. Furnished for shafts from 





34” to 3” diameters. 


Customers tell us the MECHANIPAK Seal pays for 
itself. (1) Reduces maintenance costs (2) Ab- 
solutely no shaft wear (3) Cuts down time. 


THE GARLOCK PACKING COMPANY, PALMYRA, N. Y. - 

Sales Offices and Warehouses: Baltimore, Birmingham, Boston, Buffalo, Chi- ; . 
cago, Cincinnati, Cleveland, Denver, Detroit, Houston, Los Angeles, New eal 
Orleans, New York City, Palmyra (N. Y.), Philadelphia, Pittsburgh, Portland és 

(Oregon), Salt Lake City, San Francisco, St. Louis, Seattle, Spokane, Tulsa. fe ty 
In Canada: The Garlock Packing Company of Canada Ltd., Toronto, Ontario R ; 
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SAVE 3 WAYS 


Get all the facts on this MECHANIPAK 
Seal. Write today for bulletin AD-150. 


(;ARLOCK 


PACKINGS, GASKETS, OIL SEALS 
MECHANICAL SEALS, RUBBER EXPANSION JOINTS 





with oil reservoirs on both sides of the 
rotor shaft bearing. Use of a special 
plate allows speed combinations from 
100 rpm to ‘60 rpm, with optional di- 
rection of rotation at any speed. 
Motor, completely sealed in a die- 
cast housing with quick-conect termi- 
nals, has standard mounting hole and 
output shaft dimensions. UL-approved, 
the motor operates on 110/115 volt a-c 


60 cycles. The motor is rated at 2.5 
watts with guaranteed torque of 16 in.- 
oz at 90 volts 1 rpm; the motor will 
start and produce 6 in.-oz torque at 40 
volts. Portable Electric Tools, Inc., 340 
W. 63 St., Chicago 20, Ill. 

No. 39, F ry Facilit 


PISTON-TYPE PRESSURE 
SWITCH 


Piston-type pressure switches, designed 
for high-speed, automatic, heavy metal- 
working duty, sense any system pres- 
sure over an adjustable range of 35 to 
12,000 psi with a proof range of 4500 to 
20,000 psi. The piston bore and piston 
are honed and ground to achieve uni- 
form repeat accuracy. A sealed piston 
is used to simplify installation and 
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THIS SPECIAL 
WILSON MACHINE 
SPEEDS PRODUCTION 
AND CUTS 

LABOR COSTS ON 
ELECTRIC MOTOR 
COMMUTATORS 


Close-up of machine in operation. 


Designed and built by Wilson Automation 
Company, this special machine reams, turns o.d. 
and chamfers 0.d. both sides of electric motor 
commutators. It will handle a variety of 16 
different sizes from 1” to 2%”. Takes the place of 
a conventional lathe and drill press, gives an 
increase in production, saves on man-power and 
has a minimum production capacity of 


300 per hour. 


We will be glad to discuss with you how Automation 
can be applied profitably to your specific operations. 


a eee ee 


) 


| UTOMATION (OMPANY encameai 


1231 BEAUFAIT AVENUE e DETROIT 7, MICHIGAN e PHONE LOrain 8-2988 
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Better... and Cheaper 


because of 


Siding Contact Devices 
= 





Also representative samples if you write on busi- 
ness stationery and indicate particular interest in 


switching, commutating or wiring applications. Let 
us quote on any requirements. 





An entirely new approach to dependable, long-life, econ- 
omical sliding contact devices. Made possible only by the 
unique Aerovox Printed Wiring technic. 


Switches, commutators and other electro-mechanical assem- 
blies can now be made with that ruggedness and high 
performance which only solid silver contacts can provide. 
Herewith are typical examples of such sliding contact seg- 
ments or stators. Life of several million cycles under 
various conditions. 


Aerovox Printed Wiring for circuits, even including capaci- 
tance, inductance, shielding, and associated resistance 
elements, means metallic silver conductor mechanically 
formed and partially imbedded in phenolic base. No adhe- 
sive. No etching with resultant danger of acid or chemi- 
cal deterioration. No oxidation or tarnishing. No surface 
plating. Identically reproducible due to precision printing 
process. Yes, obviously different! 


Mut: Yours for the asking. 










eliminate need for drain return piping. 
Generous piston 
desirable 
jarring or 
proof 


travel 
actuation 


prevents un- 
line surges, 
Extremely high 
protection against 
excessive line or surge pressures. 
Switch will 


cuit at any predetermined point on in- 


from 
vibration. 
pressure is 
actuate an electric. cir- 


creasing or decreasing pressure. The 


— 
=. 
— 
— 
— 

— 

— 





fixed actuation value varies from 15 to 
1000 psi. There is an external adjust- 
ment screw for field setting which is 
locked in place to avoid its accidental 
disturbance. The switch incorporates a 
UL-approved SPDT snap-action switch- 
ing element rated for a-c and d-c cur- 
ents. Barkdale Valves. 4905 Santa Fe 
Ave.. Los Angeles 58, Calif. 

e No. 40, Reader |r ry | t 


HIGH-SPEED PRESET 
COUNTERS 


Preset counters, the DS-8600 Series, can 
control any counting operation after a 
preselected total has been reached. Any 
electrical mechanical or optical event 
which can be converted into electrical 
impulses can be counted and controlled. 





Transducers to effect electrical impulse 
conversion may be photocells, magnetic 
coils or switches. Applications include 












the electronic control of high-speed ma- 
chinery. 

The DS-8600 Series is offered in five 
models. Count capacities dependent on 


Hi-Q DIVISION, Olean, N.Y. @ ACME ELECTRONICS, INC., Mon- 


rovia, Calif. @e CINEMA ENGINEERING CO., Burbank, Calif. e 
HENRY L. CROWLEY & CO., INC., West Orange, N.J. 


ss: ss 






i 


RQVYOX 
Qo 





ror ki a AE el ee the number of decades. range from 100 
in Canada: AEROVOX CANADA LTD., Hamilton, Ont. to 1,000,000. All units operate on 117 
Ce POORER Se Cs IE SEE: volts +10 per cent, 50-60 cycles. Di- 
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FOR A MILLION PRODUCTS 


WELDING & METALLIZING WIRE 
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Alloy Wire, 
Rod and 
Srrip... 


Design Engineers are taking advan- 
tage of the outstanding mechanical 
and electrical properties and excel- 
lent formability of Alloy Wire, Rod 
and Strip. Results: Better products, 
smaller and lighter products, prod- 
ucts that are more corrosion-resistant, 
more heat-resistant, more attractive 
—and more economical. 

Alloy Metal Wire Division can 
supply you with high quality wire, 
rod and strip in Stainless Steels, 
Nickel Alloys and Electrical Resist- 
ance Alloys. Why not put these ver- 
satile materials to work for you? 


SEND 
FOR FREE 
HANDBOOKS 
TODAY 


ALLOY METAL WIRE DIVISION 


; H. K. PORTER COMPANY, INC. 
of Pittsburgh 


PROSPECT PARK, PENNSYLVANIA 


4. PORTER Company. imc. 


FOR A BETTER DESIGN... 
Use Wire, Rod, & Strip 


FOR BETTER PRODUCT 
PERFORMANCE ... Use Alloys 


Among the alloys we fabricate, you will surely 
find one with just the right combination of 
properties for your specific application. And 
you can profit from the fabrication advantages 
and material cost and weight savings of wire, 
rod and strip parts and assemblies. Select 
the alloy you need from these three functional 
groups: 


STAINLESS STEELS — 


Alloy Metal Wire Division can provide you with 
more than 20 different grades of stainless 
steels. These include the chromium-nickel 
Austenitic grades with their outstanding cor- 
rosion resistance and good mechanical proper- 


~ tles; the high chromium: Ferritic grades with 


their high heat resistance, corrosion resistance, 
and outstanding cold working properties; and 
the lower chromium Martensitic grades which 
can be heat treated to obtain exceptionally 
high strength and hardness in addition to 
good resistance to corrosion and high tem- 
peratures. Stainless steel Wire, Rod. and Strip 
are used extensively for high strength and 
corrosion-resistant fasteners, springs and me- 
chanical parts and for welding wire, woven 
and knitted wire parts, and many other ap- 
plications, 


NICKEL ALLOYS — 


A wide variety of Nickel alloys are also avail- 
able for hundreds of electrical and mechanical 
applications. The excellent electrical charac. 
teristics of nickel are especially advantageous 
for electronic tube parts, such as grids, cath- 
odes, support rods and pins. Monel, because 
of its excellent corrosion resistance and good 
mechanical properties, is also used for many 
mechanical parts, fasteners and springs. = 

Inconel: provides the valuable combination — 
of outstanding heat resistance, corrosion re- 
sistance and high strength required in many 
applications. 


RESISTANCE ALLOYS — 


Five grades of electrical resistance alloys are 
now in production in wire, rod and strip form. 
These are: Alray A~20 Cr, 80Ni; Alray C—15 Cr, 
62Ni, bal Fe; Alray D—18 Cr, 35Ni, bal Fe; 
Excelsior—45 Ni, 55 Cu; and Ni—Fe alloys. 

These high quality alloys find extensive ap- 
plications in the electrical and electronic 
fields. : 


SPECIAL WIRE SHAPES — 


You can cut costs and improve. product per- 
formance with Alloy Metal’s Special Shaped 
Wire. Almost any cross-sectional shape can 
be made on our wire drawing equipment. These 
shapes can save you tons o. metal and many 
hours of machining time. Shaped wire can be 
held to close tolerances and has a smooth, 
tough, flaw-free surface. 
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YOUR PRODUCTS 
with........ 


Custom Compression 
Molding 


KUHN & JACOB, with a reputation for efficiently 
handling all problems in custom compression molding will 
maintain the high product standards you set in modern- 
izing your product. 


With practical tool and die, and molding experience. 
KUHN & JACOB offers you every delivery advantage so 


that your new products can be promptly introduced. 


The vast KUHN & JACOB experience and knowledge is 
at your disposal—you can be sure that all possible savings 
will be yours. 


Write on your letterhead for copies of two new booklets: “How to Buy 


Custom Molded Plastics” and “Plastics——The Story of an Industry’. 


Lee): 


1204 Southard Street 


Trenton, New Jersey 








mensions of Models DS-8602, 8603 and 
8604 (2, 3 and 4 decades, respectively) 
are 914 in. high x 1034 in. wide x 914 
in. deep; dimensions of the DS-8605 
and 8606 (5 and 6 decades) are 914 in. 
high x 1414 in. wide x 914 in deep. Net 
weight from 15°4 lb to 2084 lb. Detec- 


tron Corp., Computer-Measurements 
Div., North Hollywood, Calif. 
No. 41, Reader juiry f ty, Page 249 


MOTORIZED SPEED REDUCER 
WITH OFFSET SHAFT 


Advantages provided by Slip Ring Mo- 
toreducer are due to its ability to pro- 
vide variable speed reduction and high 
starting torque on low starting current. 
The offset shaft of the reducer can be 
hooked up at 3, 6, 9 and 12 o'clock posi- 
tions. This factor, as well as the stand- 





ard, squirrel cage dimensions of the 
drive motor (up to 6 in. less in length 
than conventional units) provide space 
savings in close quarters. 

Slip Ring-Offset Shaft Motoreducers 
are available in ratings from 1% through 
5 hp, in speed reductions of 520 rpm 
through 16 rpm. Units are also now 
available with double reduction gear 
reducers and various combinations, us- 
ing manufacturer’s Through-Shaft Mag- 
netic Brake. Drive motor may be either 
dripproof or totally enclosed. Reuland 
Electric Co., 3001 W. Mission Rd., 
Alhambra, Calif. 

2 No. 42, Re 


A-C GEARMOTOR 


Developed to meet demand for higher 
speeds and greater power required for 
such actuating devices as motion dis- 
plays, vending machines, coin-operated 
machines, and related devices, a-c- gear- 
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He’s 
multiplying 
motor life 
by 100 times 


\ you can, too! 


Do you use them, make them, build them into your 
products? Then you should know that electric motors, 
generators, solenoids, transformers, give maximum re- 
liability when they’re insulated with LINDE Silicone 
Impregnating Varnish. 

In insiallations where high ambient temperatures, 
high humidity, and chemical atmospheres are present, 
or where service calls for rapid reversals and frequent 
overloads, insulation with LINDE Silicones multiplies 
the life of electric equipment from ten to 100 times. 

Its great toughness, bond-strength, resiliency, and its 
excellent thermal-aging property contribute to over- 
all ability to increase the capacity of equipment as 
much as 50 per cent. 


FOR SILICONES LOOK TO 


This is because its dielectric and mechanical proper- 
ties far exceed even the rigid Class H requirements. It 
cures to a hard, wax-like, bubble-free surface that re- 
mains practically dust-free, with exceptionally high 
water repellency and outstanding surface resistivity. 

Replacement and maintenance costs are cut to insig- 
nificance, spare equipment inventories are practically 
eliminated, production schedules can be increased, 
down-time losses are all but done away with, and far 
greater safety from fires and accidents is achieved. 

For detailed literature on what Class H insulation 
with LINDE Silicones can mean to you and your prod- 
ucts, plus a list of rewind shops using LINDE Silicones for 
Class H Service in your area, write today to Dept. S-7. 


A DIVISION OF 


Woe he 


NION CARBIDE 


NL a rel eak AND CARBON CORPORATION 


COMPANY 





General Offices: 30 East 42nd Street, New York 17, N. Y. 


In Canada: Linde Air Products Company, Division of Union Carbide Canada Limited 


The term ‘‘Linpe” is a registered trade-mark of Union Carbide and Carbon Corporation 
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motor has high starting torque charac- 
teristics and can be provided to operate 
on either continuous or intermittent 
duty. Output torque is 120 to 500 in.- 
oz at 10 rpm, depending on duty cycle. 
Output shaft can be geared to 3 rpm 
and up; standard output shaft diameter 
is 3/16 in. to 3/8 in., cut to desired 
length, with other sizes available. De- 
sign utilizes semi-oilless bearings and 










oe 


RELAYS 
COMAR 


machine-cut gears. Dimensions: length, 
5-4 in.; width, 2-15/32 in. and depth 
1-9/16 in. 

Gearmotor may be obtained with a 
magnetic clutch to provide motion at 
output shaft only for the interval in 
which there is electrical contact. With 
magnetic clutch, depth is 1-11/16 in. 
Operating voltage is 115 volts: 60-cycle 
frequency is standard. Motoresearch 
Co., 1602 Junction Ave., Racine, Wis. 





e No. 43, Re 
CO ed 0: 
PANEL DRAWER LATCH cost: 
, we , ager 
TO YOUR With only two parts for each latch stre) 
ail assembly, the Electronic Chassis Latch low 
‘ x simplifies installation and eliminates stre 
REQUIREMENTS ae ensice lok 
Functionally, the latch not only pro- —_— 


vides leverage to jack drawers in and 
out, but the handles also act as a means } 
for lifting and transporting equipment- 





Custom relays are custom-designed 
and custom-manufactured to meet your 


specific requirements. You get the 





exact electrical characteristics, sizes and 


mountings your specs call for. As a result, eS a a ne oe 


disengages the handle lock. The maxi- 


they re easier to install, more efficient in mum horizontal working load is 400lb; 


operation. Whatever type you need, ultimate load is 600Ib. The locking 
mechanism is designed to provide a | 

simple or complex, industrial or military, vibration-proof seal when in the closed 
position. Handles are chromium-plated. 

Comar can supply it fast and at low Latch sizes accommodate a minimum 


panel size of 4 in. Camloc Fastener 
Corp., 54 Spring Valley Rd.. Paramus, 
7 

No. 44, Reader Inquiry Facilit ige 24 


cost. Send for catalog and details now. 







omar 


ELECTRIC COMPANY pane Santee 
POWER SUPPLY 
3349 ADDISON STREET 
CHICAGO 18, ILLINOIS \ filtered power supply with a contin- 
uously variable source for voltages from 


0 to 14 volts, and 0 to 28 volts for all 
RELAYS « SOLENOIDS « COILS » TRANSFORMERS « SWITCHES « HERMETIC SEALING current loads from 0 to 5 amp, is pro- 
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C-D-F SPIRAL TUBING offers many advantages to the 
cost-conscious design engineer and purchasing 
agent. It is low-cost, moisture-resistant, high- 
strength, and easy to fabricate. It has sufficiently 
low dielectric loss properties and good dielectric 
strength for many applications. 





we pO: Bi, 
A VERY HARD TUBE is supplied in C-D-F Grade 6A. The parts 
shown have maximum mechanical strength, lowest water 
absorption rate under immersion conditions and most stable 
dielectric loss properties. Fine for bushings and cores. 


i 


er Wits 


ee 
&, 


iron cores, features exact internal threading with three point 
suspension of the core to prevent binding... no external 
embossing to lower dielectric strength. Write for samples. 
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New C-D-F 
Plastic Spiral Tubing 
reduces unit costs, 
improves products 


Using C-D-F’s new Spiral Tubing is a way of saving money 
in buying electronic insulation... without lowering the 
electrical and mechanical characteristics of the partrequired. 
This special tubing is a high-strength plastic made from 
paper or vulcanized fibre that is spirally wound. It is avail- 
able in two basic forms in various grades: (1) as plain 
untreated tubing. (2) as impregnated tubing containing 
various types of thermosetting insulating varnishes. 
BUY ONLY THE PROPERTIES YOU NEED 

Spiral Tubing can be used to replace rolled or molded 
laminated phenolic tubing in many cases. As the degree of 
moisture resistance and mechanical strength is established 
during the manufacturing process, you specify ...and 
buy ...only those properties required for the application. 
C-D-F also offers complete designing, machining and 
assembly. You can get finished components, or random 
length tubing, with fast deliveries. Write for Technical 
Folder ST-53 and samples, after checking our catalog in 
Sweet’s Design File. Call the C-D-F sales engineer listed 
there—he can save you time and money immediately with 
C-D-F Spiral Tubing! 


Contintrital-Diamnd, Pie, 


CONTINENTAL-DIAMOND FIBRE COMPANY 


NEWARK 1/3, DELAWARE 


THIN-WALL SPIRAL TUBING has good concentricity and is tough. 
Note thin wall construction, cleanness of machining, variety 
of shapes. C-D-F Spiral Tubing is easily machined, formed, 
punched. Made in many grades for special applications. 


HARD OR SOFT, square or rectangular coil-form tubing is made 
for solenoid and transformer applications. Sides are straight 
with minimum gap in paper winding. Supplied in soft, var- 
nished kraft, or hard, rigid tubing. 
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KEARFOTT 
FLOATED RATE 
INTEGRATING 
GYROS 





KEARFOTT 6.05 x 10¢ FLOATED GYRO 





ois 
B40 3 Nt ANY 


KEARFOTT 2 x 104 FLOATED GYRO 


Consistently Accurate 


Their initial accuracy represented by the random drift is continuously 
repeated in day-to-day operation. 


ANGULAR MINIMUM TYPE TORQUER 
MOMENT DETECTABLE OF LINEARITY | CHARACTERISTIC 
GM.CM.2/SEC. RATE TORQUER | FULL SCALE 
6.05 x 106 91° (he. 0.17 £0035 Sec. 


Kearfott 6.05 x 10° and 2 x 10* Floated Gyros have basic construc- 
tion features that impart this all-important reliability. The materials 
used in their construction are of similar coefficient of expansion, thus 
avoiding mass unbalance due to temperature changes. Displacement 
information is provided by an extremely linear AC Vane pick-off. 
Either AC or DC torquers can be provided. Two additional floated 
rate integrating gyros, one with a 2.5 x 10° gm. cm.?/sec. wheel and 
the second with a 12.5 x 10® gm. cm.?/sec. wheel are available. Her- 
metic sealing provides resistance to extreme environmental conditions. 


—Send for Technical Data Sheets 


mmmeme scogencosncnggperesnontecetecceees 










3-3/4" Diam. x 6-1/8" tong 
Diam. x 3-7/8" long 





KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, 
Tachometer Generators, Hermetic 
Rotary Seals, Aircraft Navigational 
Systems, and other high accuracy 
mechanical, electrical and electron- 
ic components. Send for bulletin 
giving data of components of in- 
terest to you. 


Many opportunities in the above 
fields are open. Please write for 
details today. 







earjott 


A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 





KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 
Midwest Office:'188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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vided by Model EF Dual Range D-C 


Power Supply. 

A single control offers continuous 
voltage adjustments for different load 
conditions over the specified range. 
Special conduction cooling is said to 
provide an extra margin of safety in 
operation. 





Other features include less than | 
per cent a-c ripple at 5 amp; a D’Ar- 
senval-type voltmeter (0-50 volts) with 
2 per cent accuracy; and a D’Arsenval- 
type ammeter (0-16 amp) with 2 per 
cent accuracy. Bridge-type selenium 
rectifiers are used. Specifications: 115- 
volt 50-60 cycle input, 265 watts at 28 
volts, 5 amp. Size: 12 in. x 7 in. x 814 
in. Net weight: 28 lb. Electro Products 
Laboratories, Inc., 4503 N. Ravenswood 
Ave., Chicago 40, TI. 

Circle No. 45, Reader Inquiry Facility 


ELECTRIC CARTRIDGE 
HEATING UNIT WITH 
SPRING STRAIN RELIEF 


Spring strain relief protects electric 
cartridge heating units from premature 
lead wire breakage. A_ high-tensile 
spring is mechanically locked to the 
cartridge heating unit and supports the 
lead wire to prevent sharp twists from 
breaking the lead wires. The device 


ee 
ce 





up-and-down 
movement of platens and dies used in 


prevents the continual 


plastics and other heating equipment 
from causing lead wire fatigue. 
Laboratory testing indicates that 
operating life of the lead can be in- 
creased up to 10 times with spring 
strain relief. It cannot break loose from 
cartridge, is not affected by heat, and 
retains its flexibility under all operating 
conditions. Electric cartridge heating 
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want an ACCURATE READING 


on the Value of K-K Plastic Parts? 






Here's the old meter base, formerly used by Duncan 
Electric. It's a hand-assembled composite — alumi- 
num stampings and tapped rods with moulded insu- 
lators. Many parts—much handwork—high cost ! 


And here’s the Kurz-Kasch-moulded 
improvement—a 1-piece moulding 
with integrally moulded mounting 
studs and insulating bosses, with 
machine assembled inserts. Great 
improvement in corrosion and elec- 
trical resistance —less assembly — 
an appreciable reduction in costs ! 





How's that for a big step forward? The Duncan equally pleasant results for your product? We've 
Electric Company finds that Kurz-Kasch moulded been serving as the moulded plastics production de- 
plastics make a fine product even better, at lower . partment of many of America’s best manufacturing 


cost—and you can't improve a deal like that. Why names for many years, and can give you the same 


not gamble a three cent stamp on the chance of satisfaction. Write—about any thermosetting parts. 





- 
a 
Kurz-Kasch, Inc. © 1419S. Broadway * Dayton 1, Ohio 
BRANCH SALES OFFICES: New York, Mt. Vernon MO 4-4866 ® 
es Rochester, Hillside 4352 ©® Chicago, Merrimac 7-1830 © Detroit, 
Jordan 6-0743 © Philadelphia, Hilltop 6-6472 © Dallas, Logan 5234 
@ Los Angeles, Richmond 7-5384 © St. Louis, Parkview 5-9577 °@ 
@ fe . -@ e Plastics f 37 Atlanta, Exchange 0414 ® Toronto, Riverdale 3511 
pecialists ul Thoune ating Ot years EXPORT OFFICE: 89 Broad St., New York City, Bowling Green 9-7751 
/ 
/ 


/ 
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units equipped with spring strain relief 


for are supplied in ®g, 4%, 5 and 34 in, 


diam, in the usual lengths and wattages 


miniaturized circuits co as standard heaters of these diameters. 


under the name Chromalox. Edwin L. 


Wiegand Co., 7500 Thomas Blvd., Pitts- 
FA N 5 T r F L burgh 8, Pa. 
rcle No. 46, Reader Inquiry Facilit e 24 
* 
Tantalum Capacitors sxc 
ps SWITCHES 












~ Dimensions of two new TorBal sub- sate 
™ miniature toggle switches, including ter- —_ 
minals and handle are 0.25 x 0.5 x 1.047 oped 
in. for the SPDT model and 0.5 x 0.5 x lever 
1.047 in. for the DPDT type. Weights ang 
are 0.15 oz and 0.22 oz, respectively. Le 
Both switches conform to electrical and also 
environmental requirements of JAN plic: 
S-23 Amendment 3. They are corrosion eith 
: Gen 
Sch 
@ Greatest Capacity @ Practically 
in Small Space Unlimited Life 
RE! 
@ Maximum d-c leakage @ Stable Characteristics Un 
0.000008 amp. over Wide Temperature Range TR 
De 
Twenty years of diversified cul 
usage definitely establishes the en —— VOLTAGE —" ad 
LEAKAGES 
following advantages: No =< 
PP30B6A1 1.0 
important changes of PP25B8A1 1.0 4 / 
a a - r PP20BI10A1 1.0 
characteristics occur during 
PP15B15A1 1.5 proof, will operate in the temperature 
operation, as proved by extended PP10B25A1 2.0 range from —55 to 85 C. and have a 
9 contact resistance of less than 0.003 
life tests. Always ready for FPSSSOAI = ohm; insulation resistance is over 100,- 
; PPSBSOAI 3.0 000 megohms at 100 volts d-c and 70 F. 
instant use, even after many PP4B60A1 3.0 Contact rating is 10 amp at 50 volts d-c. 
years of storage. Large capacity eee = TI ~~ meer arr ae menaien, 
; PP2B100A1 3.0 1e one-piece housings are of alumi- 
in extremely small size. PP1.75B125A1 3.0 num bronze alloy; a silicone boot is 
: available to cover the handle for panel- 
Maximum stability throughout PP140B6A1 2.0 sealing. Mounting-bushing length and 
PP100B10A1 2.0 threads can be varied for special appli- 
temperature range from PP70B15A1 3.0 cations. The Torsion Balance Co.. Clif- 
ton, N. J. 
—55 to +-85°C. PP40B30A1 4.0 Circle Me. 47, Reader Inquiry Facility 
: 7 me PP25B50A1 5.0 
Fansteel offers Tantalum PP20B60A1 5.0 
st 
Capacitors in 58 sizes and ee - LOW-SPEED SYNCHRONOUS . 
: : : i 
ratings, all available from stock. menage 70 a MOTORS 
ie ele tea ; Synchronous inductor motors, desig- 
A partial listing is shown PP325B6A1 3.0 nated type SMY, are designed for appli- , 
here. Write for current PP250B10A1 3.0 cations requiring moderately high tor- 
PP175B15A1 4.0 que at low speeds, synchronous speed 
technical bulletins. *_15% +20% at 120 eps, 25°C operation, or rapid deceleration or re- E 
; : versing. They are available in torque 
§ Microamperes, at 25°C ratings of 75 and 2 oz-in. at 60, 50. and 
ee 25 cycles. D 
23 7 - FANSTEEL METALLURGICAL CORPORATION Motors are useful in recording de- f 
ol be North Chicago, lilinois, U.S.A. vices, control and feed motors, remotely t 
©5554 operated searchlights, and _— similar I 
TANTALUM CAPACITORS ...DEPENDABLE SINCE 1930 equipment. The synchronous character- I 
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istics are used by industrial process 
timers, since sufficient torque is devel- 
oped by the motors to operate cams and 
levers, often eliminating the need for 
a second motor or a solenoid. 

Low speed and rapid deceleration 
also make model SMY suitable for ap- 
plications which previously required 
either a gearmotor, brakemotor, or both. 
General Electric Co.. 1 River Rd.. 
Schenectady 5, N. Y. 

le No. 48, Reader Ir 


RESISTANCE SOLDERING 
UNIT FOR PRINTED-CIRCUIT 
TRANSISTOR SERVICE 
Developed for soldering printed cir- 
cuits, germanium’ diodes, transistors 
and other precision parts, Model 500 





soldering unit incorporates an adjust- 
able heat-controller. The electrode 
holder, which is extremely light, has a 
1. in. diam tip. Vemaline Products Co., 
P.O. Box 222, Hawthorne, N.J. 

No. 49, Ri ry Facility, | 


ELECTRIC HEATING 
ELEMENT 


New type of electric heating element 
features a continuous steel reflector at- 
tached on one side of the open-type ele- 
ment to direct heat where it is wanted. 
Designated the Reflectube, the heater 
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for 
miniaturized circuits... 


FANSTEEL 
Milli-Rectifiers 





Premium Quality in Miniature Sizes 


Fansteel Selenium Milli-Rectifiers are the logical choice for use in 
aircraft, communications, radar, and other applications where there 
can be no compromise with absolute dependability. As many as 

200 cells may be assembled in 


MAXIMUM ae 
D-¢ series into one-half wave 


AMPERES 


CATALOG MAXIMUM 
numBer | CIRCUIT | yo voits 


Milli-Rectifier for operating 
HALF WAVE at a-c inputs up to 5200 volts. 
Fansteel Milli-Rectifiers are 
made in several styles, including 
hermetically sealed, in half 


wave or full wave circuits. 








Fansteel Selenium Milli- 
FULL WAVE BRIDGE CIRCUIT 
Rectifiers are small, compact 
and easily installed. They will 
operate continuously at their 
stated ratings in ambient 


temperatures up to 45°C 





(113°F). High temperature 


FULL WAVE CENTER TAP CIRCUIT rectifiers for operation at 100°C 














BU083 13-13 .040 
BU123 26-26 040 without derating are also 
ree 39-39 040 available. The table indicates a 
BUI55 52-52 .040 

yartial list of sizes and types. 
BU165 65-65 040 } st of sizes ypes 
BUI73 78-78 .040 : ; 
BUI79 91-91 040 Write for bulletins 
BU183 104-104 6.411, 6.412 





FANSTEEL METALLURGICAL CORPORATION 
North Chicago, Illinois, U.S.A. 
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Cutting grass along walks and drive- 
ways is a rugged job—even for a 
machine. Manufacturers of lawn 
trimmers have used our ‘‘Custom- 
Built Motor Service” to great ad- 
vantage. Scruggs Motors were de- 
signed to their specs . . . and com- 
plete satisfaction! 


New plant facilities enable us to 
expand this service. And offer 
faster service, wider scope and 
lower pricing. 


How tll onens helps 


leading manufacturers of 

Electric Lawn Trimmers 
CUT COSTS 

and keep sales moving at a 

FAST CLIP 


e3- 
- oP a 
- 


a 


Zé 


May we help you develop a better 
Power Tool? Fan or Blower? 
Heater? Electrical Appliance? 
Whatever your fractional horse- 
power application may be, a ver- 
satile Scruggs Universal AC-DC 
or Shaded Pole AC Motor can 
be built to your requirements. 


Sample motor furnished on request. 
We'll send you a Scruggs Motor 
built to your specs. Write today 
for Data and Performance Chart. 
Immediate Service! 


You can stake your reputation on Scruggs Motors 


~ ets COMPANY 


Festus, Mo.—A Dazey Corporation Subsidiary 
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MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 








was developed for electric ranges, with 
additional applications in room condi- 
tioners, industrial devices and related 
units. 

Range-oven units are said to bake 
more uniformly, and often with far less 
wattage than conventional units. Con- 
struction of the unit is said to create a 
turbulence of air which circulates freely 
to all parts of the oven, eliminating 
cold spots. The sheeting is made of 
stainless steel. The stainless steel half- 
tube is used not only as an insulator 
holder but as a reflector. Insulators and 
terminal block are of a special form of 
steatite. Ferro Electric Products, Inc., 
Sub. of Ferro Corp., Kirkland, IIL. 

e No. 50, Read juiry f ty, Page 


CIRCUIT PROTECTORS FOR 
HOME APPLIANCES 


Two circuit protectors, the Mini-Break- 
ers MP-252 (for primary circuit safety) 
and the MP-600 (for protection of sec- 
ondary circuits), are engineered for 
single-hole mounting. Terminals are 
made to fit AMP Faston or connectors 
of similar design. The MP-252 furnishes 
pushbutton protection for 15, 20 and 
30 amp units; the MP-600, for 4 to 30 
amp circuits. 

Manual reset and trip-free operation 
are standard features. Appliances are 
positively protected against excessive 
overloads and short circuits. While serv- 
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JOY oval style connectors 
OMe Be eed) 
engaged inside an aquarium 


ELECTRICAL CONNECTORS 


are watertight as a corked bottle 


JO 


Moisture cannot penetrate the one-piece 
Neoprene body of a JOY electrical plug . . . when 
engaged, even its contacts are enclosed in a pro- 
tective Neoprene housing through the cork-like 
action of JOY’s famous water-seal. Permanently 
molded to cable, JOY connectors cannot crack 


. won’t lose their shape . . . and require no 
special considerations to insure a long life of 
useful service. A favorite since ’28, JOY electrical 
connectors are now available in styles and sizes 
for almost any portable electrical power trans- 
mission need. Why risk electrical misfits when 
the best actually costs less, in the long run? 
Joy Manufacturing Company, Oliver Building, Pitts- 


burgh 22, Pa. In Canada: Joy Manufacturing Com- 
pany (Canada) Limited, Galt, Ontario. 


Bulletin No. B59... 


—_ 

ae 

a 
om 


DA 


Vv 


contains 12 pages of descriptions 
and illustrations on JOY’s elec- 
trical connectors for industry 


Ask us for your free copy. 


1955 


oe 
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... and they're Ol-Sealed 


One-piece factory molded construction 
protects conductors from oil, as well as 
other external impurities. 


.. - and Distortion- Proof 


JOY connectors cannot crack, will not 
shatter and are practically impossible to 
knock out of shape. 


.. . and VUdbration- Resistant 


Resilient mounting cushions contacts in 
JOY connectors against damage from 
mechanical vibration. Prevent accidental 


disconnects. 


SOURCE OF INDUSTRY’S FAVORITE 
ELECTRICAL CONNECTORS SINCE 28 








| ice can normally be restored after harm- 
less overloading or shorts within 10 see, 
the MP-252 and the MP-600 will not 
maintain a circuit that has not been 
cleared. Mechanical Products Inc., 1840 
River Street. Jackson, Mich. 
ircle No. 51, Re ry f 


* 
nnouncing a 
PRECISION RESOLVER 


Size 15 resolver, Type 3D-2348, is said 
to eliminate need for associated ampli- 


| fiers and compensators, because of the 
small variation in transformer ratio 


and phase shift with varying input 
IN SMALL MOTOR BRUSHES | voltage. Maximum axis misalignment 
| is + 7 min; maximum angular error. 


| tests indicate that Stackpole 
Grade 373 fractional horsepower motor brush- 
es represent a major development in their field. 
On vacuum cleaners, food mixers, sewing 
machines, calculators, and similar equipment, 
these new brushes have shown materially 
longer life, usually with better performance 
than any previous grades. Commutator 
wear is held to a minimum. 

As always in applying brushes to any 
given motorized equipment, however, the 
one best way is to test them fully on that 
actual equipment and as close to possible 

under its typical operating conditions. 
Stackpole welcomes the opportunity to 
make or to facilitate such a test for you. 

Solely on this basis of positive per- 


a ee 



















formance proof, it now becomes pretty 0.12 per cent. Input voltage ranges 
clear that Grade 373 brushes will set new from 0-16 volts 400 cps. Input impe- 
life and performance standards for dance: 740 ohms at 79 deg. Unit is avail- 


: é : - able with terminal connectors ¢ is 
small motors in a wide diversity of uses. cemmectors ane. i 


designed for phase shifting and inter- 
STACKPOLE CARBON COMPANY, 


changing rectangular and_ polar co- 


St. Mary’s, Pa. ordinates in computer applications. 
E John Oster Manufacturing Co., Avionix 
Div., ] Main St., Racine, Wis. 
ircle No. 52, Reader Inquiry Facilit 


POLYPHASE MOTORS IN 
RERATED FRAME SIZES 
182-326 

General-purpose ball bearing polyphase 
motors in rerated NEMA frame size- 
182 through 326, feature corrosion- 






Grade 373 


FAR LONGER BRUSH LIFE - 4 


EQUAL (OR BETTER) PERFORMANCE THAN PREVIOUS GRADES 
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5 Waldes Truarc Rings simplify assembly, eliminate parts, 
bring big over-all savings to new design low-cost camera 


Anscoflex Il Camera 


Key Shaft 


Portrait and Filter Lens 


Knob Assemblies 
Old way: Knob with plastic shaft used washer 


and heat forming operation that flattened the 
plastic pin and locked the pivot in position. 





Winding Knob 


Old way: With screw and washer design, it was 
necessary to disassemble entire camera to remove 
screw which secured winding knob. Self-topping 
screw sometimes failed to secure knob, produced 
excessive end play. 


Truare way: Truarc “E” ring (series 5133) allows 
removal of winding knob without major disas- 
sembly of camera, reducing repair time. Use of 
stacked rings and Truarc applicator saved $10.40 
per M on labor. Material saving: $2.29 per M. 


Parts originally designed for self- 
locking Truare ring (series 5105). 
Some cameras in the past had 
brass cup staked to the body. At 
times staking operation cracked 
the plastic, resulting in loss of ex- 
pensive part. 


Rear Lens 


Parts originally designed for 
self-locking Truarc ring (series 
5005) Some cameras in the past 
had glass element secured by heat 
forming tabs from plastic body. 


Loose or chipped elements re- 


sulted in loss of both parts. 


Truare way: Molded plastic knob with pin is 
easily and quickly held by a Truarc self-locking 
ring (series 5105). No groove is necessary. Washer 
is eliminated and it is possible to remove ring 
if necessary without damage to knob. 


Flash-Gun Case Assembly 


Old way: In the original design a sleeve was 
wrapped around neck of screw and pressed into 
hole of plastic cover. Close working areas made 
assembly difficult and required extra operation 
to lock ring into place. 


Truarc way: Series 5133 E-Ring snaps onto un- 
threaded shank of screw quickly, needs no special 
groove. Labor saving $7.06/M. 





Ansco, Binghamton, N. Y., uses the latest technical advances in 
construction to produce an economical, easy-to-use reflex camera. 
5 Waldes Truarc Rings are used in this new design to save material 
and labor costs, eliminate parts, simplify assembly and reduce rejects. 


Whatever you make, there’s a Waldes Truarc Retaining Ring de- 
signed to improve your product...to save you material, machining 
and labor costs. They’re quick and easy to assemble and disas- 
semble, and they do a better job of holding parts together. Truarc 
rings are precision engineered and precision made, quality con- 


trolled from raw material to finished ring. 


36 functionally different types ...as many as 97 different sizes 
within a type...5 metal specifications and 14 different finishes. 
Truarc rings are available from 90 stocking points throughout the 
U. S. A. and Canada. 


More than 30 engineering-minded factory representatives and 700 
field men are available to you on call. Send us your blueprints 
today...let our Truarc engineers help you solve design, assembly 
and production problems...without obligation. 


For precision internal grooving and undercutting ...Waldes Truarc Grooving Tool! 


WALDES 


\ 
\ 


v 


— 


-, 


—>}-— RETAINING RINGS 


Send for new catalog supplement 





- TRUARC 






Waldes Kohinoor, Inc., 47-16 Austel Place, L. 1. €.1,N. Y: 

Please send the new supplement No. } which 

brings Truare Catalog RR 9-52 up to date. 
(Please print) 
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WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries. 
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Here is one of the Stearns clutches installed at the Manitowoc Portland 
Cement Company. It transmits power from the motor to the prelimi- 
nary grinding mill. 





NO CLUTCH DOWN TIME 


--.even after 3 years 
of 24-hour-a-day service 


Three years ago Manitowoc Portland Cement Company, 
Manitowoc, Wisconsin, installed Stearns magnetic clutches on 
two preliminary grinding mills used to crush stone to 20 mesh 
size. These clutches replaced heavy, outsized friction units 
which became misaligned and sometimes even twisted off and 
broke the drive shaft. 


Not one cent of maintenance 


The Stearns clutches are operating 24 hours a day and, according 

to James Dailey, superintendent and manager, they have not 

required a single adjustment or one cent of maintenance since 

installation. During this same period old clutches, still used on 

other grinding mills, broke down or required lining replacement 
. resulting in costly down time and loss of production. 


Engage smoother, require less space 


The Stearns clutches engage quickly, yet smoothly . . . require only 
14 the space needed for the old clutches. They are controlled 
_ through convenient push buttons instead of hand levers. 


Stearns magnetic clutches matched to your machine 


Stearns offers clutches for equipment ranging from business machines 
to ball mills — and larger. Torque range from .1 lb ft to 30,000 Ib 
ft. Available in a wide range of standard models or custom-built 
units to match your machine exactly. Get full details on the finest 


magnetic clutches available. Write today for bulletin 226-DJ. 
1124 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS tu MAGNETS 


STEARNS MAGNETIC, INC., 642 S. 28th St., Milwaukee 46, Wis. 
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resistant cast iron frames and are suit- 
able for indoor or _ outdoor use. 
Designated Type DP, their frames are 
smoothly contoured so that moisture 
cannot collect on their surfaces: con- 
struction is said to be so completely 
dripproof that the motors can be used 
for many applications formerly requir- 
ing splash-proof motors. 

To protect the motors from moisture, 
ventilating air intakes are located at 
the bottom of the endplates; air outlets 
are positioned at the base of the frames 
on each side. Specially formed baffle 
plates direct air into the blowers and 
through the motor and also provide 
extra protection for the stator windings. 
The motors are also provided with 
means for lubricating the bearings 
when necessary. 

Type DP motors can be obtained 
in 1 to 30 hp ratings, 3-phase, 60 
cycles, 1750 rpm. Wagner Electric 
Corp., 6400 Plymouth Ave., St. Louis 
14, Mo. 
rcle No. 53, Reader Inquiry Facility, page 249 


HYDRAULICALLY OPERATED 
PRESS BRAKE 


Hydraulically operated press brake, 
said to develop 12 tons of pressure and 
to possess a 36-in.-long bed and ram, 
is designated the Hydra-Power Press 
Brake. Major advantage of this ma- 
chine is “stroke control”; the most 
practical length of stroke for each job 
can be pre-set and the ram can be 
stopped or reversed at any desired 
peint in a work operation. 





The machine is so designed that any 
length of stroke can be secured by 
adjusting the Stroke Control Selector, 
without having to re-adjust the bed or 
die settings. A rate of 60 strokes per 
min is possible on a 14 in. stroke. At 
the full 114% in. opening, a rate of 24 
strokes per min can be maintained. 

Power is applied to a rotary hydrau- 
lic cylinder which is mechanically 
linked to the cam shaft. The oscillating 
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‘just another die casting’.-. 
or is it? 


@ We think there is more to it than meets the eye 


In 45 years, we have produced many very difficult and unusual 
die castings here at Stewart. However, this is not one of them. 
Though it includes 3 inserts, this is the “garden variety”—the 
kind we turn out every day. But to us, no job seems ordinary, 
because we try to do each one a little better than the last. What- 
ever type of die castings you need—small or large, simple or in- 
tricate— with or without inserts—count on Stewart to meet your 
most rigid specifications . . . on time. 





SERVICES AVAILABLE... 
Designing ¢ Engineering * Die Making 


Metallurgical Control « Most Modern Die Casting Equipment ¢ Complete 
Machining, Polishing and Assembly Facilities. 
45 years of helping industry to “Make It Better” 





O « aetna pe 


i ee ee L / / DIE CASTING ...a division of AT] 


CHICAGO, 





ILLINOIS, 





4535 FULLERTON AVENUE + BRIDGEPORT, 





CONNECTICUT, 275 WARREN STREET 























Announcing SUN " PLI a new line 


of laminated insulating materials for 


Class “A” and “B” operating temperatures 


SUN-PLI iisulations offer these four improvements over current laminated types: 


© high dielectric properties © heat stability 
© increased moisture resistance @ better mechanical strength 






















































Electro-Tech’s new SUN-PLI insulations consist of a polyester film bonded 

with a heat-resistant laminating adhesive to rag paper, kraft paper, treated 

asbestos paper and varnished glass cloth. They are suitable for use at both 

Class “A” and Class “B” operating temperatures as sheet and slot insulation, 

coil and relay insulation, and motor and dry-type transformer insulation 

SUN-PL! Rag for Kraft tri-ply and duplex combinations offer excellent forming properties 
as slot insulation 


SUN-PL! Varnished Glass combinations offer increased dielectric properties and protect 
against lass of dielectric strength from forming. 


SUN-PLI Asbestos paper combinations provide improved mechanical and electrical strength 
plus high moisture resistance 

Available as Duplex (SUN-PLI film bonded to a single sheet of material) 

Tri-ply (SUN-PLI film bonded to both sides of the same or different ma 

terial) and Triplex (SUN-PLI film sandwiched between similar or different 

materials) in sheets, tapes or 36-inch-wide rolls 














Electro-Technical Products 
Nutley 10, N. J 


DIVISIONS OF SUN CHEMICAL CORPORATION 


HORN - HUDSON - WILLEY paints, maintenance and construction materials, industrial coatings ° 
WARWICK (textile and industrial chemicals) » WARWICK WAX (refiners of specialty waxes) +» RUTHER- 
FORD (lithographic equipment) » SUN SUPPLY (lithographic supplies) - GENERAL PRINTING INK (Sigmund 
Uliman + Fuchs & Lang + Eagle « American « Kelly » Chemical Color & Supply Inks) »- MORRILL (news inks 
* ELECTRO-TECHNICAL PRODUCTS (coatings and plastics) + PIGMENTS DIVISION (pigments for paints 


plastics, printing inks of all kinds 


PRE-SET TAMPER PROOF 
TIMER-RELAY 
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action of this cylinder has a maximum 
movement of 270 deg. Operator has 
complete control over the speed of the 
ram and over the opening. He cannot 
damage dies. jam or lock the machine 
because an adjustable relief valve can 
be pre-set to apply only the maximum 
tonnage required to bend or punch the 
metal—beyond that amount of pressure, 
the machine will “throw out” or stop. 
The device requires 23 in. x 27 in. of 
floor spac i. 

Since movement of the ram is en- 
tirely controlled by the hydraulic sys 
tem. minimum maintenance is required, 
There are no brake bands or clutch 
disks to wear or adjust. 

Standard equipment includes a back 
gage adjustable both vertically and 
horizontally. A> micrometer-type front 
operated back gage is available as an 
UCCeSSOrS \ complete line of press 


brake dies is available in lengths rang 
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MINATURE PRINTED, -_. © - 
CIRCUIT CONNECTOR FQR °-*. 
COAXIAL CABLE * 


Miniature printed-circuit connectors 
Series Ke consists of a coaxial plug 
assembly and a receptacle that can be 
mounted on a printed or etched card by 
fve terminal points, using the solder 
dip method 

The plug ius embly Is approximately 
yin. in length and “se-in. in) diam 


Recept Tt le has a rrecotaniting base i! 


ae . ee : . - 
Re ake Tu | eee we og oe eee 


eee 


40 2 we ee oe Oe 





4 =—~—— 


« 


3 
BY 44 
te ‘ 
4a. 
. 


no a ee 


( 


Hlere are two El 


Keach has the familiar red locking collai 


lie pec 


it 1) \\ itl 


all 


vin 


What size 
isa 
quality 
fastener? 


dpetsy 





] 
§ 
ASTIC STOP® nuts. 
Kag h 1S self lo king 
vibration prool and can be reused many times. Each is a fast. readily assembled 
will maintain accurate adjustume nt anvwhere on a bolt 
ord positive protection against thread corrosion 
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Announcing SUN-PLU new sine 


of laminated insulating materials for 
Class “A” and “B” operating temperatures 
SUN-PLI insulations offer these four improvements over current laminated types: 


e high dielectric properties e heat stability 
e increased moisture resistance e better mechanical strength 





















Electro-Tech’s new SUN-PLI insulations consist of a polyester film bonded 

with a heat-resistant laminating adhesive to rag paper, kraft paper, treated 

asbestos paper and varnished glass cloth. They are suitable for use at both 

Class “A” and Class “B” operating temperatures as sheet and slot insulation, 

coil and relay insulation, and motor and dry-type transformer insulation. 

SUN-PLI Rag for Kraft tri-ply and duplex combinations offer excellent forming properties 
as slot insulation. 


SUN-PL! Varnished Glass combinations offer increased dielectric properties and protect 
against loss of dielectric strength from forming. 


SUN-PL! Asbestos paper combinations provide improved mechanical and electrical strength 
plus high moisture resistance. 

Available as Duplex (SUN-PLI film bonded to a single sheet of material), 

Tri-ply (SUN-PLI film bonded to both sides of the same or different ma- 

terial) and Triplex (SUN-PLI film sandwiched between similar or different 

inaterials ) in sheets, tapes or 36-inch-wide rolls. 





/ For information write Dept. E9-72. 


A Division of Su Chemical! Corporation 
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DIVISIONS OF SUN CHEMICAL CORPORATION 


HORN + HUDSON «+ WILLEY (paints, maintenance and construction materials, industrial coatings) * 

WARWICK (textile and industrial chemicals) » WARWICK WAX (refiners of specialty waxes) » RUTHER- 

FORD (lithographic equipment) * SUN SUPPLY (lithographic eatin + GENERAL PRINTING INK (Sigmund 

Ullman * Fuchs & Lang * Eagle « American * Kelly * Chemical Color & Supply Inks) * MORRILL (news inks) 

* ELECTRO- TECHNICAL PRODUCTS (coatings and plastics) + PIGMENTS DIVISION (pigments for paints, 
plastics, printing inks of all kinds) 
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Nutley 10, N. J. 









PRE-SET TAMPER PROOF 
TIMER-RELAY 


A unique one-piece drawn core-shell 
with embossed guide points increases 
the mechanical operating life of the 
Durakool Timer-Relay five to six times, 
practically putting it in a "fail-safe" 
class. These relays are available in single 
or multiple units with single unit ca- 
pacities of 10, 30 and 60 amperes. Time 


GUARANTEED FOR AC-DC APPLICATION 


delays from 0.15 to 20 seconds—any d: 

operate-release time combination. These — N | ski 
new 1955 relays are now in production @ No plunger sticking 
—no extra cost. @ No chatter 


@ Quiet operation 
@ No double contacting 


INC. 
eee 700 WESTON RD., TORONTO, CANADA 


ALL-STEEL 
ane 


See telephone directory for 
local distributor, or write. 


®DURAKOOL, 
ELKHART, INDIANA, U.S.A. 


Durakool *: 
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action of this cylinder has a maximum 
movement of 270 deg. Operator has 
complete control over the speed of the 
ram and over the opening. He cannot 
damage dies. jam or lock the mae hine 
agp an adjustable relief valve can 
”e pre-set to apply only the m 
tonnage required to bend or muna 
metal—beyond that amount of pressure 
the machine will “throw out” or stop, 
The device requires 23 in. x 27 jp. of 
floor space. ; 

Since movement of the ram is ep. 
tirely controlled by the hydraulic sys. 
tem. minimum maintenance is required, 
There are no brake bands or clutch 
disks to wear or adjust. 

Standard equipment includes a back 
gage adjustable both vertically and 
horizontally. A  micrometer-type front. 
operated back gage is available as an 
accessory. A complete line of press 
brake dies is available in lengths rang: 
ing from 6 to 36 in., in 6-in. increments, 
O’Neil-Irwin) Manufacturing Co., 539 
Fighth Ave.. Lake City. Minn. 

No. 54, 


MINATURE PRINTED 
CIRCUIT CONNECTOR FOR 
COAXIAL CABLE 


Miniature 
Series EC. consists of a coaxial plug 
assembly and a receptacle that can be 
mounted on a printed or etched card by 
five terminal points, using the solder- 
dip method. 


printed-circuit connectors, 


The plug assembly is approximately 
34-in. in length and “%:-in. in diam. 
Receptacle has a mounting base ‘4w-in. 





square. The five terminals (0.040-in. 
diam) are of phosphor bronze with 
albaloy plating. The shells are ma- 
chined from brass and are albaloy 
plated. Plating can be standard finish 
of customer’s choice. 

Two receptacles can be mounted side- 
by-side without loss of printed or etched 
circuit lines. Terminals can be fur 
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ately Here are two ELASTIC STOP® nuts. 

liam. Each has the familiar red locking collar. Each is self-locking, 
w-in. vibration-proof and can be reused many times. Each is a fast, readily assembled 

one-piece unit... will maintain accurate adjustment anywhere on a bolt. 

Each will afford positive protection against thread corrosion . . . prevent liquid 

; seepage along bolts. Each is manufactured in quantity. Each is exactly controlled 

; as to quality of raw material, finished dimensions, class of thread fit, seat squareness and 
finish. Each has a record for precision and uniformly high performance that is unmatched. 


But... one measures 1/10 inch across the flats; the other, 4 inches. Between these two, 
there are more than 530 different hex nuts in the ESNA line. They are the result of 
variations in height, material, finish and size. 





Look to ESNA for the top quality self-locking fastener that fits your need best. 


ELASTIC STOP NUT CORPORATION OF AMERICA 











poe ee ee ae 
Elastic Stop Nut Corporation of America 
400-in ' Dept. N58-722; 2330 Vauxhall Road, Union, N. J. 
“th Please send the following free fastening information 
wi | 
ee ' [] ELASTIC STOP nut bulletin C) Here is a drawing of our product. 
ms ' What self-locking fastener would 
—_ you suggest? 
finish ¥ Name_____ Title sca 
1 side- AGP TRADEMARK wae — ~“ 
stched Street alas sina 
> fur ee State 
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= 
G-V 
THERMAL 
TIME DELAY 
4408 


aa) ae = me 
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new thermal time 
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foe delay relay 


use it for 
trouble-free service. 


G-V Thermal Relays are-so reliable that more than 80 
of the country’s principal electronic and 
aircraft manufacturers have adopted them as a HEATER 28% 
standard production component. SET FORS.S 


These companies have found Thermal Relays to 
be the smallest and least expensive means of tthe. ak 
introducing a Time Delay into an electrical circuit. tale 


G-V offers you prompt, dependable deliveries. Complete 
technical data and engineering cooperation 


are yours for the asking. i Tl 


@ Time delays of 1/4 second to 5 minutes 
@ Heater Voltages to 230 volts 
@ Contact rating up to 6 Amps 
@ Adjustable Time Delay 
@ Hermetically sealed 
@ Approved for military use 


Write for 
bulletins & 
help with 
your 
particular 
problems. 


G-V CONTROLS INC. 


8 Hollywood Plaza 
East Orange, New Jersey 


nished for Ye-in., ¥g-in., and 14-in card 
thicknesses. H. H. Buggie, Ine 726 


Stanton St., Toledo 4, Ohio. 


No. 55, Reader Wuiry Facility pe 
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SOLENOID VALVE LEAKPROOF 
UP TO 200 PSI 


Operating in any position, compact 
straight - through - flow, high - pressure 
solenoid valve, is leakproof up to 200 
psi. Capable of being mounted without 
brackets, its dimensions are 256 in 
long, with a 1°%% in. diam. Weight. 5 al 
Features include a_ synthetic rubber 
needle valve which is self-aligning and 
gives positive close-off at any pressure, 


Major parts are of stainless steel: all 
parts are silver-brazed for rigidity. No 
gaskets are required. 
Waterproof models are available for 
6-12-24 volts d-c and 110-220 volts a-c, 
They are designed for operation in 
ambient temperatures from -65 to 350 F. 
Orifice sizes range from %g¢ in. to 
%%4 in. diam; the inlet connection is 4 
in. NPT; the outlet, 4 in. NPT. Lead 
lengths up to 24 in. are furnished, 
Specialty Products Co., Ine., 3725 
Monitor Ave., Minneapolis 16, Minn. 
No. 56, Reader Ir ry Facility, Page 249 


Postcard return cards are pro- 
vided on’ page 249 as a conveni- 


ence to the reader in obtaining— 


New Components and Materials 
Literature for the Asking 
Feature Article Reprints 
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‘USS Electrical Steels 


serve entrepreneurs of all ages 


It doesn’t matter what type of goods a present- 
day entrepreneur is shipping — whether it is 
clothes pins on a Lionel Train in his play room, 
or utility poles on the Erie Railroad using an 
Alco Locomotive — quick delivery depends in 
part on the quality and performance of USS 
Electrical Sheets. 

United States Steel makes electrical steel for 
every application. If you make power trans- 
formers, small reactors, electric shavers, giant 
generators, appliance motors, or any electrical 
equipment that requires steel laminations, you 
can get the USS Electrical Steel best suited for 
your job. 

And if you need technical assistance, our engi- 


neers will be glad to help you. Write for complete 
information. 


Pe SEE THE UNITED STATES STEEL HOUR. Full hour of TV every 
ede. eS " other week. Your newspaper lists time and station. 


UNITED STATES STEEL CORPORATION, PITTSBURGH - COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO - TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS + UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS ELECTRICAL STEEL SHEETS (@ 
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KLEIN 





Pliers 


DESIGNED 







FOR THE ELECTRICAL INDUSTRY 


Now, Klein quality pliers are 
available in new compact pat- 
terns for precision wiring and cut- 
ting in confined space. Note, too, 
the replaceable leaf spring that 
keeps the plier in open position, 


LONG NOSE PLIER 
307-5-Yel —Extremely 
slim pattern ideal for 
the really tight spots. 
Jaws are knurled to in- 
sure a positive grip. 








CHAIN NOSE PLIER 
317-5L—A full inch 
smaller than standard 
pattern. Has a very fine 
knurl that will not dam- 
age soft wire. Also 
available with- 
out knurl. 





TRANSVERSE END 
CUTTING PLIER 
204-6— Useful in pre- 
cision work where or- 
dinary oblique or end 
cutters are too bulky. 
Gives a clean, flush cut. 







This Klein Pocket Tool 
Guide gives full infor- 
mation on all types and 
sizes of Klein Pliers. 
A copy will be sent 
without obligation. 


rt’ 
oi Mathias 


See MTL, 
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ready for work. All are hammer 
forged fromhigh-gradetoolsteel, 
individually fitted, tempered, 
adjusted and tested—made by 
plier specialists with a reputa- 
tion for quality “since 1857.” 


OBLIQUE CUTTING 
PLIER — 210-51 — For 
cutting small wires or 
trimming plastic. Entire 


length of cutting knives 
works flush against cut- 
ting surface. 5 —— 
or 6-inch sizes. J” 


LIGHTWEIGHT 
OBLIQUE CUTTING 
PLIER 209-5—Smaller 
than 210-5L with an ex- 
tremely narrow head. 
Entire length of cutting 
knives works flush 


against cutting surface. fy 
Y 


NEEDLE-NOSE 


PLIER 203-6-spc1— 
Specially designed to 
reach into confined 
spaces. Tip of nose 
only 1/16 in. di- 
ameter. Nose of plier 
tempered to prevent 
distortion. Leaf PP 
spring keeps plier 
open,readyforuse. (/ 
Also available / 
without spring. / 
















/ 


ASK YOUR SUPPLIER 


Foreign Distributor: 
International Standard 
Electric Corp., 

New York 






& Sons 
Chicago, 1, U.S.A] 


ROAD « CHICAGO 45, ILLINOIS 


eee 


Laboratory 


Engineering 
Equipment 





METERLESS COMPARISON 
INSTRUMENT 


Designed for making comparison tests. 
the Signa-Glow, Model P-10. features 
a unique dual-null indicator _ incor. 
porated into a Wheatstone bridge circuit 
that shows both degree and direction of 
unbalance. The unit tests over a resist. 
ance or impedance range from 100 ohms 
to 5 megohms by comparing a com- 
ponent or circuit with a reference stand- 
ard. Two sets of jacks are used, one 
for the standard and one for the un. 
known. 

Operation is simple: the Dual-Null 
visual indicator shows the direction of 
unbalance: and, a pointer-knob, which 
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a 
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is turned to reach the null, indicates 
the percentage of deviation from the 
standard. Range of the scale is from 

30 per cent to 40 per cent deviation. 
Mainly because of the Dual-Null, the 
unit is said to be easier to use than 
conventional galvanometer or magic-eyé 
null detectors. 

Compact enough to be held in the 
hand, the Model P-10 plugs into any 
115-volt a-c outlet. Applied voltage at 
the test terminals is 18 volts. Dimen- 
sions are 3-34 in. x 6 in. x 2 in.; weight 
is under 2 lb. Industrial Development 
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The greatly increased protection made possible by the development of our high-temper- 
ature gray enamel is the most important improvement of these resistors, but it is not all. 
True, this enamel is thermo-shock-proof and crazeless; but in addition 


THESE RESISTORS OFFER... * All wire connections are protected by a 
* Stronger core with higher resistance to vibra- 
tion and shock. 


positive non-corrosive bonding. 


* Special alloy terminals more securely The fixed, the ferrule and the flat types are espe- 
fastened to the ceramic body by spot- cially designed for and manufactured in accord- 
welding — highly resistant to corrosion. ance with MIL-R-26 specifications. 


HARDWICK, HINDLE, INC. Rheostats and Resistors Nework 5,N.J. U.S.A, 
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-” An Alcoa ™. 


: Aluminun * 
: Fastener 
; should be 
. used here $ : 


It’s an aluminum window-lift assembly, 
worth the lasting strength of Alcoa® 
Aluminum Fasteners. You avoid gal- 
vanic and atmospheric corrosion, You 
get perfect color match; you get the 
very highest quality product. Your local 
Alcoa distributor has a complete stock. 
P. S. In this window-lift assembly, we 
suggest an aluminum 78° counter- 
sunk rivet from Alcoa’s 
complete line of alumi- 
num fasteners. 





7 
& 

e Aluminum Company of America A 
& 2241-6 Alcoa Building, Pittsburgh 19, Pa. « 
e Gentlemen: : 
a Please send complete specification data e 
« and samples of your aluminum fasteners. 
° . 
a a — ® 
e title aie ———$$_____.. * 
: company tice = tau eatidea ° 
SS emma © 
‘Always Fasten Aluminun: 

* s 

e with Alcoa . 

* 


. Aluminum Fasteners - 
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Laboratories, Inc., 17 Pollock Ave., 
Jersey City, N. J. 
» No. 57, Reader Inquiry Facility, Page 249 


JIC-NEMA 12 SHEET 
METAL ENCLOSURES 


Available in fifteen standard sizes, 
NEMA 12 sheet metal panel enclosures 
are available in dimensions ranging 
from 16 in. x 12 in. x 6 in. to 60 in. x 36 
in. x 8 in. Liquid-tight in construction, 
the enclosures feature welded seams 
and a cover gasketed with neoprene 
sponge. There are no holes or external 





mounting feet. The cover, hinged on one 
side with continuous type hinge, is 
fastened to the box by means of external 
clamps. A print holder is located on the 
inside of the cover. The enclosure is pro- 
vided with a removable mounting panel 
for mounting electrical equipment. 
Hoffman Engineering Corp., Anoka, 
Minn. 


DEMAGNETIZING, 
MAGNETIZING DEVICES 


Portable demagnetizing unit, Model 889 
Magnetreater, will accurately treat 
most types of electrical instrument mag- 
nets, including core-type mechanisms. 
In addition, the device has the ability 
to effectively demagnetize saturated 
magnets to any desired level. 

A built-in Variae controls the de- 
magnetizing current and provides a 








FOR 
ELECTROMECHANICAL 
DESIGNERS... 

IN THE DEVELOPMENT 
OF RADAR AND 
COMPUTING EQUIPMENT. 


The most advanced developments 
in electronics are being made in the 
sphere of airborne radar and 
related ground control systems 
because of military emphasis. 
Further applications of 
electromechanical techniques in these 
fields are creating new openings 

in the Systems Division of 
Hughes Research and 


Development Laboratories. 


Engineers who have demonstrated ingenuity 
and inventive ability will find interest in areas 
of work that call for devising reliable, main- 
tainable, manufacturable designs for precision 
equipment developed at Hughes Research 
and Development Laboratories. 

The design of this equipment, manufac- 
tured at Hughes, involves mechanical, elec- 
tromechanical, electronic, microwave and 
computing problems. Design also requires 
the use of such advanced techniques as sub- 
miniaturization, unitized “plug-in” construc- 
tion, with emphasis on design for volume 
production. Knowledge of electronic com- 
ponents, materials, finishes and military speci- 
fications is useful. 


ENGINEERS 
experienced in the field 

of electromechanical 

design at the research 

and development level, or 
those interested in 
entering this area, will find 
outlets for their 


abilities and imagination. 


SCIENTIFIC AND 
ENGINEERING STAFF 


HUGHES 


RESEARCH 
AND DEVELOPMENT 
LABORATORIES 


Culver City, Los Angeles County 
California 
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nufac- 
ee No cracks, please 
equires 
as sub- 


rolur 
yr You'll find no radial cracks in CTC. Cambridge Thermionic Corporation, 
' speci= terminal boards, or ‘“‘cracked’’ rivet 453 Concord Avenue, Cambridge 38, 
shanks on terminals. And there’s a good Mass. West Coast manufacturers con- 
reason for this. tact: E. V. Roberts, 5068 West Wash- 
Our swaging machines use tools that ington Blvd., Los Angeles 16 and 988 
we designed ourselves in order to pre- Market St., San Francisco, California. 
vent just such damage. Terminals are 
fastened securely — and carefully. You Terminal Board Data. CTC. makes both standard 


benefit from a board that has no “tweak boards and to your own specifications. Standard ; 
spots” — that can give you the service boards in cotton fabric phenolic, nylon phenolic or A wide variety of hardware is available at C.T.C. — 
« J c . 


z grade L-5 silicone impregnated ceramic. Custom all of it quality controlled and guaranteed for 
you have a right to expect. And, of made in cloth, paper phenolic, melamine, epoxy or durability. This hardware includes terminal board 
course, you also benefit from all the silicone fibreglas laminates, imprinted as required brackets, standoff mounts, spacers, tube clamps, 
other quality control details that enable and lacquered or varnished to specifications panel screws, thumb screws, dial locks, shaft locks, 
us to offer our customers guaranteed MIL-V-173 and JAN-T-152. handles and handle ferrules. 
components — custom or standard. 

oatings are smoothly applied — no 
wrinkles, no heavy deposits. C.T.C. 
terminals are made from certified stock 
that is free from defects. And the 
terminals themselves are guaranteed, 
even to the thickness of the coatings. 


This C.T.C. quality control is given 
Rae CTC. waducts inckadiag in- CAMBRIDGE THERMIONIC CORPORATION 


sulated terminals, coil forms, coils, : 
ait terminals and capacitors. For makers of guaranteed electronic components, 


all specifications and prices, write to custom or standard 
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where your “specials” 
are standard. 





NOW... 
built-in thrust brakes 
on these P:H motors 


With this better integrated design — motor and 
brake are combined in a single, compact unit. 





New .. . ribbed 
frame motors 


Braking is smooth, fast, dependable. Axial thrust 
for braking action is provided by heavy coil 
spring. Brake instantly releases by counter- 
thrust. Rotating brake member also acts as effec- 
tive fan for air-cooling the P&H-built motor. 





P&H Power amplifier — 
variable DC power, 
no moving parts 


Simple; little or no maintenance. Extra long 
brake lining life. Built in a complete range of 
sizes from 34, through 30 horsepower — both 
squirrel cage and slip ring. P&H Electrical 
Products Division, Harnischfeger Corporation, 
Milwaukee 46, Wisconsin. 





Generators — all 
types, sizes 


| BRAKE SET 
Quan ; ~ A 
rey _ ‘ + 


ae 
thy \ 





Brakes — magnetic 
and hydraulic 
Plus . . . a wide range of 
other electrical products. 





Write for specification bulletin. 


HARNISCHFEGER 
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constant discharge rate of approx; 
mately 80 pulses per min. Designed 
specifically for use with the Model 
107A Magnet Charger, the unit 0 ‘ 
ates from a 110-volt, 60-cycle ane 
The Magnetreater (at right in illustra. 
tion) is shown in working position with 
Model 107A Magnet Charger, with 
which it forms a_ highly controllable 
magnetizing - demagnetizing 
tion, 

The Model 107A Magnet Charger 
is a capacitor discharge impulse type 
capable of charging practically all] cama 
monly used permanent magnets, Radio 


combina. 


Frequency Laboratories, Ine.. Boon 
ton, N. J. 
No. 59, Read iry Facility, Pose dil 


FOUR- AND SIX-CHANNEL 
PORTABLE OSCILLOGRAPHS 


Lightweight, portable oscillographs are 
designed for either four- or six-channel 
recording. The four-channel  oscillo. 
graph weighs 36 lb; the six-channel re. 
corder, 48 lb. Each unit offers a range 
of 16 chart speeds with a travel varia- 
tion of from 10 in. per day to 10 jp. 
per sec. 

Both direct - w riting models are 
equipped for either ink or electric writ. 





ing. Engineered into the models are a 
control selector that will permit either 
a local or remote control setup. Easy 
access to the writing table is provided 
through a simplified cover removal sys- 
tem. Event markers are available to 
provide markings for any time and 
event correlation desired to meet any 
testing problem. Brush Electronics Co., 
3405 Perkins Ave., Cleveland 14, Ohio. 
No. 60, R ry f ty, Page 


THERMOSTAT TEST UNIT 


Testing of thermostats for quality con- 
trol purposes is made possible by the 
Model TT-1 Thermostat Test Unit. It 
features a low-heat inertia test chamber 
which allows the temperatufé to reach 
equilibrium rapidly for any test condi- 
tions. The temperature may be con- 
trolled manually or automatically by 
the thermostat under test. Up to 5 small 
thermostats may be loaded in the test 
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.Micaceoug Materiale 
Bonded with 
Epoxy Resins 


MICO, as a result of extensive research, 
now offers the first epoxy-bonded mica- 
ceous insulating materials. These products 
make available a new, superior system of 
electrical insulation for generators, motors, 
transformers and many other applications. 


The new materials are epoxy-bonded 
Isomica®: 100% pure mica in machine- 
made continuous form, impregnated with 
special epoxy resins. They are available 
right now in segment plate, molding plate, 
flexible plate, tapes and tubes. 


In epoxy IsoMIca, resins thermoset by 
addition polymerization upon application 
of heat. Curing may therefore be accom- 
plished more quickly and with lower 
pressures. Uncured materials may be 
stored for extended periods without de- 
terioration. 


LAMICOID® (Laminated Plastic) « MICAS 


TE® (Built-up Mica) + 


mesorxcrxe 2 NEW CVCT 
| ineulation 


Properly processed, the insulation system 
will provide the following advantages: 


1. Good dielectric strength, power 
factor and resistance to arc tracking. 


2. Void free. Improved thermal con- 
ductivity. 
3. May be supplied in flexible form 


and cured in application. 


4. Excellent resistance to thermal 
cycling. 


5. Excellent adhesion to copper and 
other metals. 


6. Non-corrosive to metals. 


7. Outstanding mechanical strength 
and excellent resistance to chemi- 
cals, oils and moisture. 








MPIRE® (Coated Fabrics and 


Papers) « 





And because the resins are synthetic, the 
supply of these materials is not dependent 
on foreign sources. 


If you’d like complete information on 
how these exciting new products can help 
you improve the performance of your 
products and lower costs, drop us a line. 
A MICO Sales Engineer will be glad to 
call and discuss your application with you. 


® 


AR SSE Se 
INSULATION 


MICA INSULATOR 
COMPANY 


Schenectady 1, New York 
Offices in Principal Cities 


In Canada—Micanite Canada, Lid., 
Granby, Quebec 


FABRICATED MICA ec ISOMICA® 





Dy. ee 


One or more of these 
G-E wires, cables, and cords 


can give your product 
extra advantages 


For many years, General Electric has helped solve the electrical equip- 
ment wiring problems of leading manufacturers. G-E wires, cables, 
and cords can also become an important part of your product. (A few 
examples of the many types of wires available are shown here). Where 
new products require it, G-E engineers will gladly assist product de- 
signers in meeting special wiring requirements. Write for free copy 
“G-E Wires, Cables, Cords for Product Designers.” Address Section 
W163-522, Construction Materials Division, General Electric Com- 


pany, Bridgeport 2, Connecticut. 


* Registered Trade-mark General Electric Company 
** Trade-mark registration applied for by General Electric Company 


Progress ls Our Most Important Prodvet 


GENERAL @@ ELECTRIC 


















FLAMENOL* WIRES AND CORDS 


MACHINE TOOL WIRE Small diameter, color coded, acid-, 
and oil-resistant. (90 C in air, 60 C in water, oil or coolant; 
600 volts.) 


APPLIANCE AND FIXTURE WIRE For general internal or 
external wiring of lighting and similar fixtures, and internal 
wiring of radios, refrigerators, washing machines, and the like. 


APPLIANCE WIRE For wiring appliances where high tem- 
perature rating is required. 600 volts, not exceeding 105 C. 


RIP CORD—SPT For table and floor lamps, radios, fans and 
other small devices. Smooth, attractive, long-wearing finish. 


SILICONE RUBBER WIRES 


APPLIANCE AND FIXTURE WIRE For sun lamps, therapeu- 
tic devices, and other high-wattage units. 600 volts, 200 C 
maximum copper temperature. 


APPARATUS LEADS—CLASS H_ For high-temperature appli- 
cation where flexibility is required, such as motor and trans- 
former leads. 600 volts, 200 C. 


SO, $JO, S, SJ, SV Resistant to sunlight, oil, water, acids, 
alkalies and heat. Available for light-, medium-, or heavy-duty 
on household appliances, office machines, portable tools and 
for use in extreme conditions such as garages, packing houses, 
chemical plants, etc. 


SP For light-duty applications in damp locations and for 
floor lamps, clocks, radios, etc. 


PREENEX* HEATER CORD Outwears fabric type cords ten 


times. Water-, oil-, and grease-resistant. 300 volts, for 90 C 
service. 


MOTOR LEADS Geoprene* cable for fractional hp motors, 
coils, ballasts, etc., particularly for use where wire must stand 
elevated temperatures. 


MAGNET WIRE 


ALKANEX** WIRE Insulated with heat-resistant polyester 
film that permits lighter, more compact motors . . . raises 
motor ratings as much as 25%. Temperatures up to 150 C, 
exceeding Class B. 


FORMEX* WIRE Designed for motors, coils, and other wind- 
ings where space is at a premium and resistance to moisture, 


fumes, and abrasion is required. Class A, temperatures up 
to 105 C. 


DELTABESTON* WIRE For winding motors, lifting magnets, 
brake coils, generators, etc., subject to high ambient tem- 
peratures and intense operating heat. Class B, temperatures 
up to 130 C. 


DELTABESTON* WIRE 


RANGE WIRE An improved appliance lead wire designed 
for increased dielectric strength and moisture resistance. 300 
volts, 125 C. 


APPLIANCE WIRE Available with smokeless or moisture- 
resistant insulation. 


APPLIANCE LEAD WIRE Recommended for use on appii- 
ances such as sterilizers, etc., where both heat and moisture 
are a problem. 


FIXTURE WIRE or all types of interior lighting fixtures and 
other high-wattage units such as sunlamps, etc. 


SWITCHBOARD WIRE Will resist heat, flame, oil, and cor- 
rosive vapors. ; 


































MEASURING THE COURSE OF TIME 


with 


HAYDON om 


TIME — and its measure —are positive factors in man’s progress. 
And helping man to control this inescapable element, HAYDON has 
designed and developed small, rugged devices that track its course 


with precision and dependability. 
If TIME is a factor in the progress of YOUR product or process. . 


. HAYDON Devices offer efficient, accurate performance plus 


important economies in space and cost. 


. . . HAYDON’s complete Timing Services, engineering counsel and 


manufacturing facilities, are at your disposal. 


TAKE TIME ... call in the HAYDON Field Engineer; write for his 
name and for informative catalogs on HAYDON Timing Motors 


and Devices. 
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chamber and tested individuall. The 


= ey 5700 Series 


Elapsed Time Indicator 


*Trademark Reg. U.S. Patent Office 


HAYDON 


AT TORRINGTON A SUBSIDIARY OF GENERAL TIME CORP. 


HEADQUARTERS FOR 


HAYDON Manufacturing Company, Inc. 
TIMING — 


2531 ELM STREET, TORRINGTON, CONN. 


action of the thermostat may be ob. 
served by a panel indicator light, 

Operating on 115 volts 50-60 CVcles 
and requiring 440 watts. the Mode! 
TT-1 Thermostat Test Unit is housed 
within a metal cabinet 121% in. x 9] in, 
x 15 in. and weighs 55 Ib. Statham 
Development Corp.. 12411 West Olym. 
pic Blvd.. Los Angeles 64, Calif. 

No. 61, R r Icilit 


DUAL-CHANNEL 
OSCILLOSCOPE 


Dual-channel oscilloscope, the ETC 
Model K-26. employs two completely 
separate and independent channels 
with both signals displayed on the 
5-inch screen of a single Type 5AFP 
dual-beam cathode-ray tube. Individual 
or common sweeps from 2 sec to 50,000 
cps may be selected from the front 
panel. Frequency response of both 





vertical and horizontal amplifiers is flat 
to d-c, down not more than 10 per cent 
at 100 ke. Deflection factor of vertical 
amplifiers is 0.025 peak-to-peak volt 
per in. (0.009 rms volt per in.) deflee- 
tion factor of horizontal amplifiers is 
0.3 peak-to-peak volt per in, (0.1 rms 
volt per inch). Dimensions 1742 in 
high x 16%4 in. wide x 2234 in. deep. 
Electronic Tube Corp., 1200 E. Mer 
maid Lane, Philadelphia 18, Pa. 

No. 62, Re ry Facility, F 
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120-KC DECADE COUNTER 
OPERATES RECORDERS 


Providing a 120-k counting rate and 
an output voltage suitable for recorder 
operation, Model AC-4A Decade Count- 
ers make use of etched circuits. [lum 
nated numerals have reflectors for max 


mum brilliance and easy readability. 
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CTURING 





When there’s only room for 
-,.there’s a treasury of ideas in | 


: Reis "PLASTIC 





Space saving insulation... 
machined from KEL-F 
Plastic rod. 





} 
Miniature Test Jacks for 500 
wtRMS “HF” circuit...injec- 
ton molded of KEL-F Plastic. 





Contact Bar insulated with 
—— Plastic... .injection mold- 
| e 


directly to beryllium-copper. 


ap 
f ** saw 


MINTAllrurization 





When you have to squeeze more and more into 
less and less space... when materials lack the spe- 
cific properties you need for miniaturization, we 
suggest you look into the possibilities of KEL-F 
Plastic. 

The development of KEL-F Plastic, a fluoro- 
carbon polymer, was inspired by a vital problem 
of miniaturization in the field of electronics. What 
it accomplished then, it can repeat for your 
products. 

KEL-F Polymer is a dense, tough thermoplastic 
with outstanding resistance to the effects of high 
and low temperatures. In wire insulation, tube 
sockets, connector blocks, printed circuit bases, 
transistor seals, and other applications its zero mois- 
ture absorption, non-wettability and dimensional 
stability can provide high level performance under 
severe conditions of temperature and humidity. 


The compressive strength is high. Bearing loads 





THE M. W. KELLOGG COMPANY 


Chemical Manufacturing Division, P. O. Box 469, Jersey City, N. J. 
SUBSIDIARY OF PULLMAN INCORPORATED 


improvement 


of 8,000 psi result in only 4% to 5% permanent 
set. KEL-F Plastic can actually be used for struc- 
tural members. Electrical properties are outstand- 
ing. They include superior resistance to arcing, 
surface flash-over and thermal cycling. 

KEL-F Plastic is readily moldable by extrusion, 
compression, injection and transfer methods. 
Molding techniques are fully perfected, and 
molded components can be depended on to ex- 
hibit all the inherent characteristics of the original 
molding material. 

KEL-F Plastic is available as a molding com- 
pound, or it can be obtained in rods, tubing, sheets 
and film from a number of suppliers. It is also 
available in dispersions, suitable for bake-coating 
of metals and certain non-metals. The full story 
of KEL-F Polymer should be in your active file. 
Write us. 


@® Registered trademark for The M. W. 
Fluorocarbon polymers. 


Kellogg Company’s 


Miniature Rectifier and 
mount for parts...injection 


molded of KEL-F Plastic. 











MADE TO YOUR EXACT SPECIFICATIONS 
IN ANY SIZE + SHAPE + QUANTITY 


Precision coil bobbins are fabricated from high dielectric mate- 
rials and quality controlled to the most minute tolerances... 
Yet, because they are made on special high production equipment, 
they’re available to you for prompt delivery at low unit cost. 

Cores are spirally wound dielectric kraft, fish paper, acetate, 
phenol impregnated or combinations. Flanges are cut to any 
specification for all types of mountings. 

Request illustrated bulletin. Send specifications for samples. 


High Strength Low Cost Paper Tubes 


Accurately fabricated in any size, shape, ID 
or OD. Spirally wound from select dielectric 
materials. Crushresistant, withexcellent dimen- 
sional stability. Subject to rigid control and 
inspection for tolerance and uniformity. 





Ask for samples and Arbor List of over 2000 sizes. 
Sales Representatives in: 


New England: Framingham, Massachusetts, Trinity 3-7091 


Metropolitan New York, New Jersey: 
Jersey City, New Jersey, Journal Square 4-3574 


Upstate New York: Syracuse, New York, Syracuse 4-2141 
Northern Ohio, Western Penn.: Cleveland, Ohio, Atlantic 1-1060 
Indiana, Southern Ohio: Logansport, Indiana, Logansport 2555 
California: Pasadena, California, Sycamore 8-3919 

Canada: Montreal, Quebec, Canada, Walnut 0337 


PRECISION PAPER TUBE CO. 


2035 W. CHARLESTON ST. CHICAGO 47, ILL. 
Plant No. 2: 79 Chapel St., Hartford, Conn. 
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Model AC-4A is engineered to fit all 
standard electronic counters: they may 
also be used separately in experimental 
or special setups. 

The etched circuits give good balance 
and uniform incidental capacities fo; 
the 120-kc counting rate. Resistors are 
5 per cent tolerance units, coupling 
capacitors are silver mica, and the four 
electron tubes used are of the computer 
type. Hewlett-Packard Co., 395 Page 
Mill Rd., Palto Alto, Calif. 

e No. 63, Reader Inquiry Facility, Page 249 


INDUCTION WIRE 
STRIPPER GENERATOR 


When used in combination with a con- 
ventional automatic wire stripping ma- 
chine, the Model 50 WS Induction Gen- 
erator will pre-bond the ends of tinned 
stranded wire to No. 26 gage. This new 
system virtually eliminates the process 
of hand twisting and dipping each lead 
prior to soldering operations. 

Also, on solid or non-tinned wires, 
use of the Ther-Monic Model 50 WS 
loosens most plastics insulations in the 
area to be stripped. 





Providing a full 1 kw of continuous 
duty output power, the unit comes com- 
plete with graduated adjustable car- 
riage, stepless power control. It oper- 
ates directly from a 110-volt power 
line. When placed in service it requires 
no special connections to the stripping 
machine. 

Added feature is that the unit can be 
converted to use as a standard induc- 
tion heater for hermetic sealing, solder- 
ing or brazing. Induction Heating 
Corp., 181 Wythe Ave., Brooklyn 11, 
NE 

> No. 64, Reader Inquiry Facility, Page 249 
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: makes TOP QUALITY 


Seymour has long been famous as a BRA SS 


producer of precision quality brass 
a con for select users. 


| e ee 
_ | Now Seymour offers the same top in ay van t i ty 


n Gen- . : 
a quality brass in a wider range of 




















tinned 

has eee sizes and tolerances to ALL industry. 
rocess | With new, modern production facili- 
hlead = | ties, Seymour is now prepared to fill 
iat 4 | QUANTITY ORDERS of top quality 
0 Ws brass in sheet, strip and wire form. 
inthe | Remember . . . 


“You can save more with Seymour’s 
top quality brass.” 
THE SEYMOUR 
MANUFACTURING CO. 
SEYMOUR, CONNECTICUT 


| Seymour also makes... 

Z NICKEL SILVER « PHOSPHOR 
BRONZE e WELDING RODS 

NICKEL ANODES ¢ BRIGHT 

aa NICKEL for Plating 
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‘Literature for the Asking 






PRECISION QUALITY 


cOMmonents 


OF TUNGSTEN, 
MOLY, NICKEL CLAD WIRE, 
ALLOYS, KOVAR 





















































Tungsten hard glass leads produced 
under General Electric Timing Contro! 
Each tunasten letd ie microsnecitly 
inspected for flaws. DKE offers highest 
quality and LOW PRICES. Senc 
drawings for quotations and let us 
prove the economy of our )rices. 






















































































The Engineering 
Company can give you 
immediate delivery on following 
bases: 50 Watt, 3303B, 412 Indus- 


Thrytron Bases in both Aluminum and 
Copper up to 6.50 dia etc. All bases 
to JAN-1A/MIL-E-1B and subjected to 
weights and strength tests. 


NKE HYDROGEN THYRATRON 
TUBE BASES 


- 








CALL OR WRITE FOR QUOTATIONS 
|N YOUR SPECIFIC REQUIREMENTS 


27 WRIGHT ST., NEWARK 5,N.J. 






_rwe BIGINBETING co. 





J 


eye co git ai italic” 






"a 


4 





EEE 


To obtain copies of these publications 


circle item number on_ postcard in 
Reader Inquiry Facility, page 249. 


RELAY SYMPOSIUM PROCEEDINGS 
illustrated booklet 
tains the 23 technical papers presented 
at the Symposium on Electro-Magnetic 
Relays. held March 9-11, 1955, at Okla- 
homa A & M College. Presented exactly 
as they 


Seventy-page con- 


were given, the papers cover 
such topics as: “What's Wrong With 
Missile Relays”: “New De- 
velopment in Vacuum Relays”; Stand- 
ardization of Relays”; and “A Study of 
Relay Reliability.” Potter & Brumfield 
Mfg. Co.. Ine. 


Today’s 


motors, frequency changers. and other 
heavy rotating equipment are given in 
an illustrated 12-page booklet pointing 
out the advantages provided by a new 
impregnant bond for the mica 
flakes. Described as an insulation with 


and 


PORTABLE CORDS—Portable cords for 
rugged applications, described in an 
8-page catalog, include the following 
types: the Security-flex. designed for 
unusually 


applications where 


cords are exposed to the elements and 


severe 


subjected to abrasion, crushing, impact. 


industrial applications, and which has a 
free-stripping jacket and can be used in 
automatic stripping machines. A_ third 
series, the Service cord, is designed for 
use on appliances,-office equipment and 
similar units where mechanical damage 
and dampness are encountered. Ana- 
conda Wire & Cable Co. 
No. 67, RF 


SMALL MOTOR SWITCHES 
line of toggle, rotary and pushbutton 
illustrated 


selection 


Complete 


switches is described in an 


catalog complete with two 
charts. One covers quick make-quick 
break types: the other, slow make-slow 
break switches. Representative models 


include one-hole mounting. quick make- 





quick break, a-c or d-c switches for wa 
on small motor-driven tools and con. 
trolling small fractional horsepower 
motors; flush-mounting. quick make. 
quick break. a-c or d-c models for use 
on small motor-driven tools; and re. 
frigerator door-operated switches. Cut. 
ler-Hammer, Inc. 


No. 68, Reade ity 


HEAVY-DUTY LIMIT SWITCH — fey, 
tures of heavy-duty limit switches, de. 
scribed in a file-folder catalog, include 
a new trigger-type mechanism requiring 
lighter operating pressure, a balanced 
low-impact rotor. oilless-bearing, and 
only four rotating parts. Construction 
also features 70-deg safety overtrayel, 


ae ee iia Specifications are provided for four 
HIGH-TEMPERATURE ELECTRICAL IN-  @Vailable models. The R. B. Denison 

Quality controlled SULATION—Ten properties of Therma- Manufacturing Co. | 
throughout production with lastic insulation for generators. large No. 69, Reader t ge 2 


HEAVY-DUTY CONTACTORS — Heavy. 
duty d-c contactors, and control relays 
for heavy equipment, are described in 
Bulletin 14B8171A. High degree of 
parts interchangeability is a feature of 


a = a “memory.” Thermalastic insulation me line, available in ratings of from 
( can be stretched for an indefinite period =? '° ane ap, SAP vem ee single 
of time: when the tension is released, @24 double pole units with either nor. 
i it will return to its original shape. Case mally open vl normally closed contacts 
Siiiien een diedaed. Westinsous and mechanical interlocks. Quick cur- 
} “er Corp. rent interruption and rapid are extine- 
: re. 66, Re tion are other design features. Allis. 
i 


Chalmers Manufacturing Co. 
No. 70, Reader ry Facilit 


INSULATED WIRE AND CABLE, CORD 
SET ASSEMBLIES—Complete with an 
application chart showing advantages 
of manufacturer’s wires and cables in 
specific industrial applications, 42-page 


trial Base, Giant 7 Pin Bayonet, 4310 shock, moisture, oils and grease. Also. catalog provides data on a line of lead. 
Four Pin Jumbo, Tetrode, Hydrogen the Industrial cord, useful in severe fixture and hook-up wire, as well as on 


high-frequency lead and test wire. Data 
also cover 8 families of cables, as well 
as cord sets. flexible tubing, and wiring 
harnesses. An appendix provides useful 
engineering reference material. Phalo 
Plastics Corp. 

No. 71, R« 
SOLENOID VALVES Solenoids  de- 
signed for controlling the flow of non- 
corrosive liquids and gases, air and 
refrigerants, feature frost- and mois 
ture-resistant coils, non-corrosive built- 
in strainers. a self-aligning floating 
plunger. and stainless steel needle and 
seat individually lapped in sets. Among 
the available types described in an illus 
trated catalog are low and high lift 
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TURING 


LEAR, INC., ELIMINATED 
FINISH GRINDING OPERATION 
WITH SPEED-TROL 


Speed-Trols on boring machines at Lear, Inc., 
Grand Rapids, Mich., resulted in elimination 
of a grinding operation and a reduction in 
manufacturing costs. This was accomplished 
through Speed-Trol’s infinite speed adjust- 
ment and accurate speed regulation which 
allowed selection of the best cutting speeds 
for Carboloy or diamond tipped boring tools 
and boring to extremely close tolerances which 
obviated the need for a former final grinding 
operation. 





4 






od 































Pa 


-_  a 
a a F 


Fe 



















Industry Names Speed-Trol Production Advantages 


ina nation-wide user survey of Sterling Speed-Trol Variable Speed Electric Power Drives: 


86% Increased Production. 48% Improved Product 46% Saved Space. 18% Simplified Operations. 


Quality. 64% Reduced Production Costs. 42% 16% Synchronized Operations. 

Modernized Equipment and Machines. 20% Reduced Investigate the possibilities of bringing some of these 
Speed-Trol production advantages to your plant. Ster- 
ling Engineering Sales Offices and over 400 Distributors 
satility. 18% Increased Plant Safety. 34% Improved and Service Shops throughout the nation effectively 
Employee Morale. 62% Lowered Maintenance Costs. serve every industrial, commercial and agricultural area. 


Spoilage and Rejects. 28% Increased Machine Ver- 


There is a Sterling Electric Power Drive to Meet Virtually Every Requirement 


Sterling Slo-Speed Electric Power Drives—for geared low speed at its best 
Sterling Klosd and Klosd-Tite Motors—for constant normal speed at its best 


ELECTRIC 

TERLING worors 
Plants: New York City 51; Chicago 35; Los Angeles 22; Hamilton, Canada; Santiago, Chile 
Offices and distributors in all principal cities 










20-PAGE ILLUSTRATED CATALOG 
-»+Sterling Speed-Trol, Slo- 
Speed, Klosd and Klosd-Tite 
Electric Power Drives. Write 
for Catalog No. 200. 











BUFFALO BOLT SERVICE co7//clcs 
the prcture 


It’s our aim to see that you get the right bolts... 

when you need them. 

That’s why we have set up the finest and fastest service 
organization in the business. 

Now you can get immediate and accurate information 


on prices, deliveries or other perti- 
nent data...by merely calling 
your Circle distributor or our 






DISTRICT nearest District Office. 

OFFICES Try it on your next fastener order. 
WESTERN OFFICE 

Chicago 


HArrison 7-2179 


EASTERN OFFICE 
New York City 
REctor 2-1888 


CENTRAL OFFICE 
North Tonawanda 
JAckson 2400 (Buffalo) 


BUFFALO BOLT COMPANY 


Division of Buffalo-Eclipse Corporation 
NORTH TONAWANDA, N. Y. 


Making both FASTENERS & FRIENDS for 100 years 
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types, duplex solenoid valves. all-pur 
pose industrial models and other types, 
Representative applications are listed 
and complete specifications provided 
A-P Control Corp. : 
Circle No. 72, Reader Facility, Page 249 
DICTIONARY OF STEEL TERMS—J,,. 
cluded in a 32-page dictionary of steel 
terms, entitled “Simplified Stee] Terms 
and Engineering Data,” are more than 
180 definitions used in the treating 
machining and finishing of steel, Terms 
defined range from annealing through 
isothermal quenching, stress relieving 
and yield strength. The text and more 
than 30 photographs, curves and tables 
cover such subjects as standard grain 
sizes for steels: method of determining 
hardenability; and Izod toughness ys 
tensile strength of heat-treated steels, 
LaSalle Steel Co. 


rcle No. 73, Reader Inquiry Facility, Page 249 


WATERPROOF TAPES — Three cop. 
trolled-strength waterproof tapes for in. 
dustrial applications are described in an 
illustrated brochure. Typical applica. 
tions include protection of insulating 
materials in refrigerators and freezers, 
Data provided covers thickness, tensile 
strength, tear resistance, adhesion, 
chemical resistance and _ electrolytic 
corrosion properties. Polyken Products 
Dept. of The Kendall Co. 


Circle No. 74, Reader Inquiry Facility, Page 249 


MINIATURE BALL BEARING BULLETIN 
—Technical data on the design and 
application of precision instrument ball 
bearings is provided in the “MPB 
Engineering News,” to be published 
semi-monthly. Subjects discussed in 
early issues include axial and radial 
play, statistical quality control, torque 
conversion and similar topics. Charts, 
graphs and engineering drawings are 
included. Miniature Precision Bear- 
ings. Inc. 

No. 75, Reader Inquiry Facility, Page 249 


PLASTICS ENGINEERING MATERIALS: 
APPLICATIONS—Sixteen-page brochure 
describes applications of Zytel nylon, 
Teflon tetrafluorethylene, Alathon polye- 
thylene, and Lucite acrylic resins. Com- 
parative characteristics of these ma 
terials as well as detailed information 
on their properties are shown in tabu- 
lar form. Many illustrated case histories 
are included. E. I. DuPont de Nemours 
& Co. 

No. 76, Re r juiry Facility yge 24 


DRUM, FOOT AND LIMIT SWITCHES— 
Engineering and application data are 
provided in a 48-page catalog on typés 
of controllers suitable for nearly every 
application satisfied by manually oper- 
ated control. Described are reversing, 
off-on, multi-speed and other types of 
drum controls. Additional listings de- 
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ACTURING 





Pe 





How do your contacts 











In Canada, made and sold by Johnson Matthey & Mallory, Ltd., 
110 Industry Street, Toronto 15, Ontario. 


Serving Industry with These Products: 
Electromechanical—Resistors ¢ Switches ¢ Television Tuners ® Vibrators 
Electrochemical— Capacitors 
Metallurgical— Contacts ¢ Special Metals and Ceramics # Welding Materials 


Mercury Batteries 


JULY 1955 


measure up to their jobs ? 


Are they under-designed... 


or over-designed ? 


To be right for your needs, contact materials and contact 
designs must be evaluated in terms of all characteristics of 
the job they are expected to perform. Current and voltage 
in the interrupted circuit ... nature of the electrical load 
... number and frequency of operations ...contact gap 
and pressure ... ambient temperature and atmosphere... 
and many other factors must be thoroughly considered, if 
contacts are to match both the performance and cost 
requirements of the application. 


By consulting with Mallory engineers, particularly during 
the engineering and design stages of a contact application, 
you will add to your own facilities the full scope of Mallory’s 
specialized experience in contact research and manufacturing. 


e The wide selection of materials developed by Mallory 
metallurgical research encompasses practically every 
kind of contact service condition. 


e Standard designs can often be recommended for 
standard application conditions . . . at sizable savings 
to you. 


e Special designs are engineered by a staff which has 
the knowledge gained during thirty years of con- 
tact development. 


e Economical fabrication of contacts and complete con- 
tact assemblies, in Mallory’s manufacturing 
department, can save you money and simplify your 
own production. 


For a consultation on your own contact problems, or for 
a copy of the Mallory Contact Catalog, write or call 
Mallory today. 


Expect more... 


Get more from 


. MALLORY & CO Inc., INDIANAPOLIS 6, INDIANA 


















As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Reprints of articles in this and pre- 
vious issues which are now available 
are briefed here and in the following 
pages, to help those 
which they would desire for their files. 
Any regular Evecrricat MaANnurac- 
rURING reader qualifies for one copy 
of all single article reprints, without 
charge. 


readers select 


The numerals shown in reprint list- 
ings correspond to the numbers shown 
on postcards incorporated in the Reader 
Inquiry Facility on the opposite page. 


Readers should circle those numbers 


REPRINTS NOW AVAILABLE 
Design of D-C Tractive Electromag- 
nets, July 1955, 12 pages. Simplified 
method for designing electromag- 
nets using curves plotted from data 
on variety of practical magnets. 
Intended for the occasional de- 
signer. Typical problem is solved. 


(110) 











Relays in Electron Tube Circuits, July 
1955, 8 pages. Describes how relays 
are used in conjunction with vacu- 
um and gas-filled electron tubes to 
obtain advantages of both. Typical 
circuits are discussed. (121) 


Effects of Water Immersion and Hu- 
midity on Thermosetting Laminates, 
July, 1955, 12 pages. Results of 
evaluation program, including 
graphs and tabular data by Mate- 
rial Laboratory, New York Naval 
Shipyard, on Navy grades of phen- 
olic, glass-laminate and _glass-sili- 
cone laminates under various test 
conditions. (140) 


Printed Circuits Have Versatility Plus, 
June 1955, 8 pages. Review of 
printed circuit applications outside 
of the sstrictly electronic field. 
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Editorial Reprints 


indicating the reprints desired and 
then mail the card. R. I. F. postcards 
will be processed by the publisher only 
if all information requested is given and 
is clearly printed or typed. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities, 
special quotation. 


MULTIPLE REPRINTS (reprints o1 
compendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Letters ordering these must be 


accompanied by remittances. Large 
quantities, special quotations. These 


multiple reprints are listed by titles, 


Switches, strain gages, inductors 
and transformers, airplane deicers 
and wiring harnesses using this ver- 
satile construction method are dis- 


cussed. (131) 


Application Factors for Two-Phase 
Servo Motors, June 1955, 12 pages. 
Discussion of the operating charac- 
teristics and the principles of opera- 
tion of two-phase induction motors 
used as control elements in feed- 
back systems. A minimum of math- 
ematical analysis is employed. (138) 


Impact of High-Energy Radiation on 
Dielectrics, June 1955, 20 pages. 
Special staff report is devoted to 
subject of major importance to de- 
signers of electrically energized 
equipment. Basic facts of high- 
energy radiation are given; research 
programs are summarized; specific 
radiation-resistance data on various 
dielectric materials are tabulated; 
design factors and techniques are 
analyzed. Overall impact of nuclear 
power and radioactive devices on 
design is discussed. (112) 


Progress in Electron Tube Reliability, 
May 1955, 12 pages. Report on 





Cost of 


Single Subject Reprints 


No. of Vumber of Pages 
Reprints 4-12 16-32 
l Gratis Gratis 

5 $2.00 $3.75 

LO 3.50 6.00 

25 7.50 12.50 


nn ne 


immediately following the single arti- 
cle reprint listings. 


John A. Campbell 
Director Reader Service 
ELECTRICAL MANUFACTURING 
1250 Sixth Avenue 


New York 20, N. Y. 


means used to determine tube de- 
ficiencies in variety of difficult ap- 
plications and how numerous de- 
sign changes affected much im- 
provement. (115) 


Guided Missiles Make New Demands 
on Relays, May 1955, 12 pages. 
Report on the Third National Con- 
ference on Electromagnetic Relays 
at Oklahoma A. and M. College 
stresses the rugged environments 
imposed by guided missiles and 


notes status of standards move- 
ment. (120) 
High -Potential Dielectric Strength 


Testing, May 1955, 12 pages. De- 
scribes how hi-pot tests can be 
made a useful tool in design and 
development; the advantages and 
disadvantages of different types of 
tests, and the variety of instruments 


available. (132) 


Transistor Switches Improve Mag- 
netic-Amplifier Performance, April 
1955, 8 pages. Transistor rectifiers, 
employing a new mode of operation 
resembling that of a mechanical 


(Continued on page 250) 
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Reapers may avail themselves of 
this convenient prepaid postcard 
method of communicating with the 
ublisher when desiring informa- 
tion regarding what has been men- 
tioned, described, or offered in the 
editorial or advertising pages of this 
issue. 

Simply circle the numbers on a 
card corresponding to the 
numbers appearing in the items pub- 
lished in the following editorial 
departments: 


New Components 


& Materials 

Page 165 
Current review of all new mate- 
rials, metals, parts and equipment 


that become component parts of 
the finished product. 


Literature for the 


Asking 

Page 244 
Listing of the new literature, 
printed matter and catalogs which 
provide basic information for those 
engaged in the design engineering 
of products. 


Editorial Article 


Reprints 

Page 248 
Acomplete listing of those editorial 
feature articles published in this 
and past issues that are available in 
reprint form for filing. 


Advertised Products 


Print names of advertisers and page 
numbers of advertisements in space 
provided on card, if more informa- 
“ty sought about what is adver- 


Only those cards can be processed 
t are completely filled out and 
ly printed or typewritten. ‘This 

card good only until August 31, 1955. 
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rectifier, provide the desirable com- 
bination of low leakage and low 


forward drop. (126) 


Miniature Photocells, April 1955 8 
pages. Review of commercially 
available cadmium sulfide and lead 
sulfide photoconductive cells, They 
are virtually insulators in darkness 
and conductors under light by a 
factor of 100,000. Very small 
quantity needed for useful photo. 
cell. (127) 


Embedded Circuits and Components 
April 1955, 16 pages. Growing field 
of applications of epoxy resins for 
embedment and encapsulation is 
reviewed in a staff report. Case- 
history illustrations and results of 
resin-evaluation programs. (116) 


Soldered Connections, November 
1954, 4 pages. Repeated requests 
for quantity reprints of this practical 
article on soldering methods and 
the recognition of common defects 
led the editors to make copies avail- 
able on individual request. (114) 


Practical Approach to Magnetic-Am- 
plifier Design, March 1955, 12 
pages. A method is described in 
step-by-step detail for designing 
magnetic-amplifier circuits without 
resorting to complex mathematical 
procedures. (133) 


Wafer-Coil Technique for Transform- 
ers, February 1955, 4 pages, Slit 
rolled foil method eliminates many 
hand operations in transformer pro- 
duction. Conductors may be equiva- 
lent to very fine wire. (124) 


New Molding Processes for Printed 
Resistors and Capacitors, Combined 
16-page reprint of two-article series 
appearing in the January 1955 issue 
and the February 1955 issue (com- 
pression-molded capacitors). Tech- 
niques developed at the Di 
Ordnance Fuze Laboratories are de- 
tailed and characteristics of printed 
unjts described. (128) 


Stainless Steel Finish Effects, January 
1955, 8 pages. Mechanical and 
chemical treatments can modify ap- 
pearance of the standard mill fi- 
ishes obtainable on stainless sheet 
and strip. (111) 


Nomographs as Engineering Work- 
sheets, January 1955, 8 pages. Re- 
view of nomograph fundamentals 
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and use. Also, a nomograph for de- 
termining if effort of making nomo- 
graph for a particular problem is 
justified. (139) 


pesearch Progress in Dielectrics 1954, 
December 1954, 12 pages. First 
hand summary and interpretation of 
Conference on Electrical Insulation 
reported each year by ELEcTRICAL 
\ANUFACTURING (118) 


circuit Applications of Voltage-Sensi- 
tive Capacitors, December 1954, 8 
pages. Discussion of dielectric am- 
lifer and other circuits in which 
yoltage-sensitive capacitors are used 
to perform functions of tubes or 
transistors. (135) 


Noise Measurements, November 1954, 
12 pages. Review of the funda- 
mentals of sound and noise meas- 
urements with particular reference 
to the development of a test code 
for unit heater fans. (119) 


insulation Classification, November 
1954, 12 pages. A classification 
table for insulating materials is in- 
cluded in the report, “International 
Standards for Insulation, Motors, 
and Components,” covering the 


1954 meeting of the  Interna- 
tional Electrotechnical .Commis- 
sion. (137) 


Applying A-C Solenoids, November 
1954, 8 pages. Describes three 
methods of measuring pull, design 
modifications to minimize mismatch 
in loading, how to overcome resid- 
ual magnetism, duty-cycle opera- 
tion and derating for 25-cycle use. 


(129) 


Non-Ventilated Motors, October 1954, 
§ pages. A suggested approach to 
the problem of fitting non-venti- 
lated ratings into the new NEMA 
rerated frame sizes, based on heat 
dissipating capacity. (134) 


(old-Reduced Electrical Steels, Octo- 
ber 1954, 8 pages. Advantages in 
processing to producer and user are 
partly offset by certain magnetic 
deficiencies yet to be overcome. 


(113) 


Physical Data on Commercial Silver 
Solders, September 1954, 4 pages. 
Thermal and mechanical properties 
of the available commercial grades 
are tabulated and related to ASTM 
and Federal and Military Specifica- 
tions. (136) 


How to Suppress Radio Interference. 
September 1954, 20 pages. A spe- 
cial report detailing the effects that 
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IN A SERIES ON ASSURED POWER CONTINUITY 


...Why you should ingist on 
Double-Gource Control and 
Full Phage Protection in your 
Automatic Trangfer witch 


Fundamental to the effective operation of 
an automatic transfer switch is the prin- 
ciple that the operating power for the 
switch must be obtained from the moni- 
tored source to which the load is being 
transferred. The reason for this is clear: 
the transfer might be made to an inade- 
quate source or transfer may be impossi- 
ble despite the availability of the pre- 
ferred or normal source of supply. 


ASCO Automatic Transfer Switches 
operate on this double - source control 
principle. And, additional protection is 
built into ASCO equipment through the 
use of a monitoring lockout relay to as- 
sure load transfer only when the new 
source reaches the proper voltage and 
frequency. Until this condition is reached 
the switch is mechanically held to the 
original source utilizing whatever power 
is still available. 

For vital full-phase protection, ASCO 
industrial type voltage relays constantly 
monitor all phases of the normal source 
so that a drop in voltage or failure of one 
leg on three - wire, or phase failure on 
four-wire automatically initiates transfer. 
Full phase relays will start transfer when 
voltage at the normal source drops to 
70% or less. Restoration to normal can- 
not be made until all phases are 90% or 
more. For critical loads full phase relays 
are furnished with adjustable drop-outs 
set as high as 90% with pick-up at 95%. 

To see why only ASCO-designed Auto- 
matic Transfer Switches provide all these 
essential provisions against power outage, 
study the accompanying wiring diagrams 
which briefly explain the switching opera- 
tion and its built-in protective design. 

COMPARE... 
then insist on ASCO Automatic 
Transfer Switches. No other 
switch can give you such sure 
and complete protection. 


PAB Vay 


Automatic Transfer Switches ‘ 





eS 


“me is NORMAL 


1. Normal functioning of ASCO Automatic Trans- 
fer Switch. Full phase protection is provided 
by Voltage Relays 1V, 2V and 3V. 


seuTRAL NORMAL 


2. Normal source voltage drops below 70%. 
Voltage Relays open, de-energizing Source Selec- 
tor Relay SE. Lockout Relay LO is still open, 
waiting for emergency source to attain proper 
voltage and frequency. Load is still connected to 
original source because of mechanically held 
movement in ASCO Switch. 


ev net NORMAL 


a Emergency source now adequate. LO closes, 
permitting coil TS to be momentarily energized, 
causing transfer to proceed. Note double-source 
control: operating power for transfer is obtained 
from the source to which the load is to be 
transferred. Transfer occurs instantaneously! 





4. Transfer has taken place. Emergency power 
is feeding the load. Switch remains on emer- 
gency source until Full Phase Relays perceive 
restoration of normal source to 90% or better. 
At that time Relays effect closing of top contacts 
of SE and return to normal source occurs. 


THIS INFORMATION SHOULD 
BE IN YOUR FILES... 
For complete data write for Publication 
502 and the other advertisements in 


this series. They explain in detail the 
efficient functioning of ASCO Switches 



























































HOW CHACE THERMOSTATIC BIMETAL 
sie ACTUATES 
THE 
AQUASTAT 
THERMOSTAT 
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(B) KNOB STEM 


MICROSWITCH 
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BIMETAL DEFLECTED 
ORIGINAL POSITION TO TRIP 








Product of 
Automatic Thermo Sales & Mfg. Ltd., 
Toronto, Ontario, Canada 





















The Aquastat Thermostat is a simply designed, efficiently oper- 





ating thermal control primarily employed to regulate hot water 








tank temperatures. It is also used for temperature control of oil 





burners, stokers, blowers, circulating pumps, etc. Temperature 








regulation is precisely maintained within this mechanism’s effective 








operating range of 100° to 180° F. Settings are easily varied 











by turning the control knob to the temperature desired. 











The actuating element which controls this device is a strip of 








Chace Thermostatic Bimetal (A), connected at one end to the 








control knob stem (B) and held in position at the other end by a 











flange. Temperatures in excess of the thermostat’s setting cause 





the bimetal strip to deflect upward against the microswitch trip 








button (C) and break the circuit. This thermostat may be adjusted 








to function with a normally closed or a normally open switch. 














Chace Thermostatic Bimetal is available in 29 different types, 





in strip, coils or in complete elements fabricated to customer 








specification. Write now for our new 36-page booklet, 








“Successful Applications of Chace Thermostatic Bimetal,” 





containing valuable engineering information for designers 








of thermally responsive devices. 
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stiffer radio interference regulatio 

are having on the design of al] 
of electromechanical products In 
cluded are sections on causes of 
interference, specifications and re 

ulations, measurement and ual 
of suppression. (130) 





Multiple Reprints 


Applying Magnetic Amplifiers, 79 


pages. Multiple Reprint No, 14 
Second edition of | this popular 
booklet has been expanded to jp. 
clude more recent feature articles 
in addition to the series by Dom. 
hoefer and Krummenacher. For an 
annotated list of contents see Jan. 
uary 1954, page 286. $2.00 





Designing Servomechanism Systems, 


96 pages. Multiple Reprint No, 3. 
Thirteen feature articles or related 
phases of design of feedback con. 
trol or servo systems and servo ap 
plications, including the series of 
four articles by Herst. For a com. 
plete list of the contents of this 
booklet see April 1954, page 358. 

$2.50 


Printed Circuits, 71 pages. Multiple 


Reprint No. 8. Selection of 14 
articles dealing with mechanized 
wiring techniques, beginning with 
silk screen printing of radio cir- 
cuit elements on ceramic plates. 
Other processes described include 
stamped wiring, and sprayed metal- 
plated and etched circuits and as- 
sociated assembly methods. For an- 
notated list of articles see page $32 
of the June 1954 issue. $2.00 


Multiple Reprints at 
Quantity Prices 


Since handling expenses is a signifi 


cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol 
lowing prices per copy apply: 


Quantity 

Title 5 
Servo System Design 1.25 1.00 
Magnetic Amplifiers 1.35 1.10 
Printed Circuits 1.35 1.10 


Prices given above include shipping 


charges. Make checks payable to The 
Gage Publishing Company. 
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frozen in a block of 
ke, this Heinemann 
Cirevit Breaker will 
gill interrupt a short 
devit instantly. The 
Instantaneous trip 
point never changes 
because of surround: 
Ing temperature. 


CALLS FOR 


Freeze it, heat it . . . this circuit breaker gives constant protection 
at any temperature. 
At least one Heinemann user has tested these hydraulic-magnetic 
circuit breakers to 55° below zero; many use them outdoors, under 
the scorching tropic sun . . . or in the unpredictable high ambients 
of industrial equipment. 
Regardless of temperature, set trip points and current-carrying 
capacity always remain constant. Heat or cold is never a considera- 
tion. Why? Because Heinemann Circuit Breakers respond only to 
current .. . not heat. This means that the rating of the protective 
equipment is a true value, no longer subject to changing ambient 
conditions. 
This all adds up to new freedom to get more out of equipment, 
safely. Freedom to standardize motors and other components as 
never before practical. Freedom from high servicing costs. 
For complete details, send for your copy of the Heinemann 
Circuit Breaker Engineering Guide. Ask for Bulletin 201. In an actual laboratory test, a 30 ampere Heine- 
mann Circuit Breaker held over a hot plate carries 
its full rated load. The intense heat can’t cause 


this circuit breaker to trip because its operation is 
hydraulic-magnetic. 


ELECTRIC COMPANY 
99 Plum St., Trenton 2, N. J. 
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NEW 


Aluminum Base Type CNA 


Compression Mounted, 
TEFLON-Insulated Terminals 


2 to 34 Pins 
Lower Cost... High Performance 


These Chemelec Connectors are designed for low loss, high 
frequency service in interconnection of radio, radar and 
other electronic equipment—where connectors must be 
unaffected by a wide range in ambient temperatures, pres- 
surealtitudes, humidity and mechanical shock and vibration. 





Current rating is 3 amp. for .040 pins and 5 amp. for .063 
pins. Voltage rating is 3,300 V. RMS (short time test at 
sea level). 

The TEFLON insulation is serviceable at temperatures 
from minus 110°F to plus 500°F, for operation in pressure 
altitudes from 0 ft. to 60,000 ft. Water absorption is zero by 
ASTM Test. 

TEFLON will not carbonize under arcing, and will not 
support combustion. Its dielectric strength is greater than 
500 Volts/ Mil. 

Lower prices are accomplished by individual compression- 
mounted, TEFLON-Insulated Terminals in low-cost alumi- 
num bases. 

These same terminals are also available for compression- 
mounting, directly into drilled or punched holes in the chassis 
itself, without need of additional hardware. (see below). 


Write for 
Catalog EC-455. 





Fluorocarbon Products, Inc. Division of 
UNITED STATES GASKET CO., CAMDEN 1, NEW JERSEY 


FABRICATORS OF FLUOROCARBONS 
AND OTHER PLASTICS 


Representatives in principal cities throughout the world 





CHEMELEC CONNECTORS 
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(Continued from page 244) 


scribe combined drum and magnetic 

controls, foot switches, limit he 

tap switches, as well as thermal] oveileas 

relays and related devices. Furnas Elec 

tric Co, is 
No. 77, Rea 


THERMOCOUPLE ASSEMBLIES, Pack. 
ING GLANDS—Teflon-covered thermo. 
couples, bare-wire thermocouple glands 
stuinless-steel protection tubes, ead 
the.mocouple heads, are among the 
products described in an illustrated 99. 
page catalog. Specifications are also 
provided for butt-welded thermocouples 
stainless steel packing glands and re. 
lated components. Data on sealants and 
ceramic insulators are provided in tabu 
lar form. Conax Corp. 
No. 78, Reader 


BELLOWS DESIGN GUIDE—Selection. 
assembly and application of bellows and 
bellows assemblies are reviewed jn a 
design guide covering a line of bellows 
available in sizes from *16 ID to 12% ip 
OD. Data are provided on dimensions 
and physical characteristics of bellows 
made with various metals, configura- 
tions, attachment of end fittings, and 
related topics. Specifications are de. 
scribed in detail; curves and other illus. 
trations are provided, Flexonics Corp. 

No. 79, Reader Ir f ity, page 249 


MINIATURE SFHP INDUCTION MOTOR 
—Characterized by good speed regu- 
lation at very low slip, Type AC-93 
miniature subfractional 400-cps a-c in- 
duction motor, described in a two-page 
data sheet, is said to give outstanding 
service as a magnetic tape recorder 
drive motor. Other characteristics are 
said to make it useful as an actuator 
motor or servo. Performance curves, 
dimensional drawings and other illus 
trations are included. Dalmotor Co. 
No. 80, Reader ry Facility, pag 


SPEED REDUCERS WITH UNIVERSAL 
MOUNTING—Illustrations in a 4-page 
brochure point out the versatility of a 
standard line of speed reducers featur- 
ing universal mounting. Units may be 
foot- or flange-mounted, driven from 
above or below. to meet given require- 
ments. Complete engineering specifica- 
tions and dimensions are provided. 
Janette Electric Manufacturing Co. 
No. 81, R f t 
VIBRATING-REED FREQUENCY METERS 
-Illustrated 4-page bulletin deseribes 


a line of 3'.-in. flush-panel-mounting 
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DRIVER-HARRIS RESISTANCE WIRE ALLOYS 


NICHROME* V (Nickel-Chrome) Essential for resistor 
elements in the higher temperature applications such as 
electric furnaces, electric ranges, radiant heaters, etc. 


KARMA* = (Nickel-Chrome-Aluminum-lron} Permits the 
monufacture of miniaturized wire wound precision re- 
sistors of best temperature coefficient of resistance at 
low cost per ohm; also resistance standards. 
NICHROME®*® (Nickel-Chrome-lron) The internationally 
accepted material for heating devices operating up to 
1700°; also industrial applications for rheostats and 
resistonce units. 


CHROMAX* (Nickel-Chrome-lron) A lower cost alloy 
for electrical heating under conditions less critical than 
those satisfied by Nichrome. 

ADVANCE®* (Copper-Nickel Series including MIDOHM*, 
95 ALLOY, LOHM*, 30 ALLOY) Possess a number of 
properties which make them useful for winding heavy 
duty industrial rheostats, precision resistors, thermo- 
couples, ond thermocouple leads. Specific resistance 
ronge of this series is from 294 to 30 ohms/emf. 


MANGANIN (Mangonese Copper) Most stable resist- 
once wire known at ambient temperature. Indispensable 


Every Driver-Harris alloy is made to the most pre- 
cise metallurgical checks and controls known to the 
industry. And each of these highly specialized alloys is 
. produced exactly to the specifica- 


custom-made . . 
tions of our customers. 


Nichrome 

ond Nichrome V 
are made 

only by 





MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 
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These DRIVER-HARRIS alloys 
do most to improve the quality of 


Your Glass-to-metal Seals 


for resistors used in many types of precision direct cur- 
rent apparatus such as Wheatstone Bridges, National 
Bureau of Standards type resistance standards, etc. 
HYTEMCO* (Nickel-Iron}) Combines high temperature 
coefficient of resistance with high specific resistance; 
ideal for winding compensating or ballast resistors. 


DRIVER-HARRIS GLASS SEALING ALLOYS 
THERLO® (Nickel-Cobalt-lron). For sealing glasses such 
as Corning 7052 and 7040. 

142 ALLOY (Nickel-Iron). For sealing glasses such os 
Corning 776, also 8160. 

52 ALLOY Contains 50% nickel. It provides a slightly 
higher coefficient of expansion than 142 Alloy and 
seals successfully with 0120 glass. 

146. ALLOY Contains 46% nickel. It offers special ex- 
pansion properties, permits seals with ceramic coated 
resistors. 


DRIVER-HARRIS ELECTRON TUBE ALLOYS 


The Driver-Harris Company, since the inception of radio, 
has been making alloys for this field, supplying the 
industry with alloys for support wires, plates, grids, 
. cathodes, and lead-throughs. 


you. Just tell us exactly what you wish to accomplish. 


BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco 
In Canada: The B,. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


Send us your specifications. If your needs are in 
any way unusual, and cannot be met by one of our 
current 112 alloys, our engineers will be happy to 
start tomorrow to devise a new one, custom-made for 


*T.M. Reg. U.S. Pat. Off. 


All Alloys are 
available in: 
WIRE 

(Sizes as fine as .0005) 
ROD 
RIBBON 
STRIP 

(Foil as thin as .00045) 


Insulations: 
ENAMEL 
COTTON 
SILK 
NYLON 
GLASS 
FORMVAR 


Singly or in 
combination 
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vibrating-reed frequency meters. Con- 
taining steel reeds tuned to specific 
frequencies, the instruments are direct- 
reading and available in three case 
styles, including a hermetically sealed 
type. They are available with 5, 7, 9, 
11, 21, 36 or 41 reeds for normal fre- 
quencies of 25, 50, 60 and 400 cycles. 
Herman H. Sticht Co., Inc. 

ircle No. 82, Reader Inquiry Facility 


PRECISION INVESTMENT CASTINGS — 
Pointing out the development of special 
techniques to utilize the lost wax 
method of precision castings, 16-page 
booklet, “Crucible Accumet Precision 
Investment Castings.” lists main ad- 
vantages of Accumet castings and de- 
scribe the process. Tables list composi- 
tion and properties, and illustrated case 
histories show the advantages the 
method provides. Crucible Steel Com- 
pany of America. 

Circle No. 83, Reader Ir ry | lity, page 


ELECTRICAL TAPES—Detailed perform- 
ance and application data are provided 
in an 8-page catalog on a series of elec- 
trical tapes including a self-bonding 
insulating tape. an electrical filler tape, 
and two types of electrical jacketing 
tapes. Also, on a general-purpose viny] 
electrical tape and a high-voltage splic- 
ing tape. Typical applications are listed 
and illustrated. Property tables and 
complete specifications are provided. 
Bishop Manufacturing Corp. 
rcle No. 84, Reo ry Facility, page 


LOW - FRICTION TREATMENT FOR 
RUBBER PARTS—Technical bulletin de- 
scribes the Gorlube low-friction treat- 
ment for application to O-rings and 
other parts made of natural, synthetic 
and silicone rubbers. Extension of life 
of parts where minimum wear is im- 
portant is claimed on the basis of labo- 
ratory tests and actual application. De- 
pending on the function of the part, the 
treatment is given either by impregna- 
tion or coating. Goshen Rubber Co., 
Inc. 

Circle No. 85, Reader |: ry Facility, page 24 


LAMINATED ELECTRIC MOTOR INSU- 
LATION — Dobar and Dobar-M, de- 
scribed in a 4-page folder, are Class A 
laminated electric motor insulation ma- 
terials for slot cell insulation, phase 
separation and layer insulation. Dobar 
combinations consist of films of cellu- 
lose acetate either sandwiched between 
or on one or both sides of electrical- 
grade papers. Dobar-M consists of simi- 
lar combinations with Mylar polyester 
film substituted for cellulose acetate. 
Dobeckmun Co. 
No. 86, Reader Inquiry Facility, page 


VIBRATION CONTROL MOUNTINGS 
Eleven different types of vibration iso- 
lating units, utilizing steel springs, 
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ORKRITE 


BY THE MAKERS OF CLEVELITE* PHENOLIC TUBING. 


IMPROVED PERFORMANCE... LOWER PRICE! ! ! 


Torkrite coil forms eliminate torque and stripping problems and are rapidly 
replacing other coil forms because Torkrite: 


e@ withstands more than required strip- @ has no holes or perforations thru 
ping pressure. tube wall which eliminates cement 


. es leakage locking cores. 
@ requires no revision other than re- 6 B 


duced winding arbor diameter. : , 
e@ has smooth adjustment of core with- 


®@ is round and concentric; winds coils out lubricant. 
at higher speed without wire break- 
age or fallen turns. @ torque increases less after winding 


as heavier wall reduces any tendency 


@ permits use of lower torque since it to collapse and bind core 


is completely independent of strip- 


ping pressure. @ maximum stability results as core 


@ recyclirg ability is unmatched. cannot move in relation to winding 
after peaking as it is engaged in in- 


@ is stronger mechanically because of 
B y ternal threads. 


heavier wall. 


@ provides 2-7” oz. running torque @ embossings are evenly spaced, with a 


when used with MPA standard thread lead at each end of the form to per- 
core. mit easy insertion of core. 
Why pay more? For good j 
* * * * * * * * * Quality ... Call CLEVELAND! : 








Improved Torkrite is now available in THE 

various diameter tubes. Lengths from 

3/4” to 3-1/8” are made to fit 8-32, 10- CLEVE LAN D CONTAI N FD 

32, 1/4-28 and 5/16-24 cores. COMPANY 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 


PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT » MEMPHIS + PLYMOUTH, WIS. + OGDENSBURG, N.Y. + JAMESBURG, NJ. « LOS ANGELES 


* ¥ * 







ABRASIVE DIVISION at CLEVELAND, OHIO 

Cleveland Container Canada, Lid., Prescott and Toronto, Ont. 

* Reg. U. S. Pat. Off Representatives: 
NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE., EAST ORANGE, WN. J. 

NEW ENGLAND: R. S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN. 

‘ CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE., CHICACO 

| WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES 
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rubber, and cork, either singly or in 
combination, are described in Bulletin 
K4A. Discussed are the relative merits 
of springs and organic material as iso- 
lating media. Application data and a 
selection chart are included. The Kor- 
fund Co.. Ine. 

Circle No. 87, Reader Inquiry Facility e 24 
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COMMUTATORS AND COLLECTOR 
RINGS—-Illustrated 34-page catalog lists 
sizes and specifications of commutators 
and collector rings in stock or available 
on order. Variations possible from 
standard sizes, particularly with regard 
to bore of commutators and number of 
bars. are due to existing tooling facili- 
ties. Sample commutators for experi- 
mental purposes can be obtained: 
special engineering facilities are avail- 
able. Toledo Commutator Co. 
rcle No. 88, Reader Inquiry 





POLYESTER RESIN FILE FOLDER 
° 5 Product data and typical properties of 
Whaddyamean eee print tracer , rigid. flexible and resilient-type Plaskon 
polyester resins are the subject of indi- 
vidual data sheets contained in a file 
and who is supposed to get them next...is a headache in folder. Designed for use with fibrous 


Running down who has what prints, where, for how long, 


any office. And waiting while prints are passed around to glass reinforcements, available polyester 
ye resins include type 911, a general-pur- 


pose rigid type containing diallyl phtha- 
estimates, delays the job. Get an Ozalid machine! late: Type 942, a medium viscosity 
. general-purpose resin containing sty- 

With an Ozalid machine, you can have enough __ rene; and Type 9441, a rigid-type. In- 

prints quickly, cheaply. An extra set can be cluded for convenient reference is a 


: ae sacl h 1%¢ two-page table listing the character- 
© > © ‘ > > =<S < 72 . . . . 
made in a matter of minutes, for less than istics of 12 polyester resins. Barrett 


suppliers and contractors —holds up specifications and 


a square foot. Div.. Allied Chemical & Dye Corp. 
Ozalid saves draftsmen’s time, too. Changes rcle No. 89, Reader Inquiry Facility 
and additions can be made on Ozalid duplicate AUTOMATIC CONTROL OF VARIABLE 
originals, without doing over basic drawings. SPEEDS —~ Automation Through Varitrol 
And originals can be kept in the files. Control” is the subject of an illustrated 
: 8-pave kl ss al hoo ‘ err) 
You can also use Ozalid to copy reports, page booklet showing how an im 
aye Thee ; pt proved pneumatic control has been de- 
material lists, specifications, instruction sheets, signed into manufacturer’s Varidrive 
letters, invoices—avoid manual copying and motors to improve equipment perform- 
typing, cut clerical costs. ance and reduce cost and waste. Bas- 
ically, the control functions as a pneu- 
ANYTHING drawn, typed, printed or written matic amplifier composed of a “power” 
on any translucent (lets light through) material — system and a “signal” system. Series of 
can be copied by Ozalid. Lay the translucent case histories show typical automatic 
5 a control applications. U.S. Electrical 
original over a sheet of sensitized paper. Feed tie Moan 
into any Ozalid machine —and in less than a | Circle No. 90, Reader Inquiry Facility 


minute, you get an exact copy, delivered dry, 
ready for use. No negatives, developing tanks, made possible by producing metal parts 
or dryers are required. by powder metallurgy are discussed in 
Ask the nearest Ozalid distributor (see phone a nae — —T in question- 
° ° and-answer-style, suc actors as cost 

book) for a demonstration. Or write 333 Ozaway, ; eo es ee 
, ’ reduction, product application, process 

Johnson City, N. Y. In Canada, Hughes Owens 


limitations, and related problems. A 
Co., Ltd., Montreal. | separate 3-color flow chart illustrates 


fabrication of metal parts by this proe- 
ess. Hoeganaes Sponge Iron Corp. 


| POWDER METALLURGY — Advantages 





OzALID—A Division of General Aniline & 


New STREAMLINER 400... : 3 : 
prints on sheets or continuous Film Corporation... From Research to Reality Circle No. 91, Reader Inquiry Facility 
roll stock up to 42” wide, 


as fast as 24’ per ea wee COMPRESSION MULTI-HEADERS -Spe- 
improved design, superlative ial ae. : 

Ci y SS-LO- < . og » 
performance, best value a glass to-metal « hemically bonde d 
among lower priced whiteprint compression construction is to provide 
machines. 


Vae-tite multi-headers with improved 
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WIRING DEVICE 


PYLETS-: 


Save TIME and MONEY 


LABOR AND COST SAVINGS—Because one 
body accommodates so many types of circuit 
controls and service outlets, inventory is held 
to a minimum. Also, cost of changes in outlets 
and. control stations is greatly reduced and 
simplified. 


LARGE WIRING SPACE—Ample room for wir- 
ing device, splices and feed-through wiring. 


1, 2,3 and 4 GANG TYPES—Permit a combina- 


tion of wiring devices in a single location. 


TAPER THREADED HUBS—Tapped straight and 
true assure tight joints and perfect alignment 
of conduit and cover openings. 


CAST METAL, CADMIUM PLATED—For long 
trouble-free service ...complete protection of de- 
vices...reduced maintenance cost, replacement 
cost and shut-down time. 





















FS and FD SERIES FOR ORDINARY LOCATIONS 


Water-Tight, Vapor-Tight and General Duty Types Available 





Explosion-proof wiring device PYLETS are 
made in 1 and 2-gang combinations in 
shallow and deep types. They are supplied 
complete with cover and wiring device. 





Tumbler Switches Push-pull 
MO Circuit Breakers Switch 


Literature Furnished on Request Sehne Shiai 


SL TaD 


Sold Nationally Through Authorized Distributors’ 
THE PYLE-NATIONAL COMPANY 


WM EE RE Qo WA ti tyr ¥ Fs T R AO] Ff i Ga we Be 
138° North Kostner Avenue, Chicago 51, Illinois 


District Offices and Representatives in Principal Cities of the United States. CANADIAN AGENT: The Holden Co., Ltd., Montreal 
EXPORT DEPARTMENT: International Railway Supply Co., 30 Church Street, New York. 
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PROMPT 
DELIVERIES . .. 
LARGE QUANTITIES 
OR SMALL 
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PUSH-BUTTON 


Looking for precision-built push-button or snap-action 
switches in the 15 to 50 ampere range with operating 
pressures of approximately 4 pounds? 


PRECISION 
SWITCH TYPES 


Chances are, Hetherington has just what you want— 
in standard types—backed by a record of proved per- 
formance in critical aviation or military applications. 
Just about any circuit, activating arrangement or mount- 
ing style is available and each standard type is readily 
adaptable to numerous and inexpensive variations. 

Write for catalog—or send details of your requirement 
for recommendation by Hetherington switch specialists. 


HETHERINGTON, INC., SHARON HILL, PA. 


West Coast Division: 8568 W. Washington Bivd., Culver City, Calif. 


HETHERINGTON 


SWITCHES WITH BUILT-IN INDICATOR LAMPS 
MINIATURE SWITCHES 
TOGGLE SWITCHES © ROTARY SWITCHES 
SWITCHES TO MILITARY SPECIFICATIONS 





mechanical strength and rigidity. The 
metal body of the multi-header is said 
to keep the glass compression under all 
environmental conditions from —80 to 
525 F. An illustrated 16-page catalog 
lists an extensive range of preferred 
types available in two constructions. 
Solid pin terminals, tubular terminals, 
and unit headers are available in the 
plain, flanged and skirted multi-header 
body types. Hermetic Seal Products Co. 
Circle No. 92, Reader juiry Facility, page 24 







MIDGET PLUGS AND RECEPTACLES — 
Featuring round prong contacts, midget 
plugs and receptacles described in a 
2-page bulletin are rated at 15 amp, 
125 volts; 10 amp, 250 volts. Self-lock- 
ing, the Triploc series features guided 
contacts, raised insulation are barriers 
and adaptability for five different cir- 
cuit needs and ten different assembly 
combinations. The Pyle-National Co. 

le No. 93, Re f 
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RELAYS—Typical of relays listed in 
an illustrated catalog are midget power 
relays for dynamometer starting; dual- 
purpose single-coil latching relays; and 
general-purpose relays including mul- 
tiple, power-type and Micro Switch 
models for a-c or d-c applications. Ad- 
ditional listings provide specifications 
for a-c or d-c interlock types, telephone- 
types, and subminiature models, as 
well as for heavy-duty a-c power relays, 
and other models. Automatic Electric 
Manufacturing Co. 
No. 94, Reader 


ELECTRONIC COMPONENTS—Standard 
stock items listed in an illustrated 14- 
page catalog include ceramic dielectric 
capacitors available in  general-pur- 
pose, temperature-compensating, nega- 
tive-temperature-coefficient and high- 
voltage types. Data are also provided on 
stand-off and feed-through types. Addi- 
tional listings cover silver-mica midget 
capacitors, electronic printed circuits, 
and a line of Teflon electronic compon- 
ents that include stand-off and feed- 
through insulators, tube sockets, con- 
nectors and other components. Erie 
Resistor Corp. 

ircle No. 95, Reader 


MOLDED TERMINAL BOARDS—Navy- 
type and miniature molded terminal 
boards are described in a 15-page illus- 
trated catalog, No. TB-55. Feature of 
the line are molded-in studs for ter- 
minal connection. Data are provided on 
molding compound characteristics and 
electrical operating ratings. General 
Products Corp. 
No. 96, Reader 


SHOCK MOUNTS — Rubber-insulated 
mountings for instruments, laboratory 
and other lightweight precision equip- 
ment requiring isolation from vibration 


ELECTRICAL MANUFACTURING 
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AND IT'S C/R SEALED OIL AND WATER-TIGHT FOR LIFE! 


You can’t put the squeeze on this pump shaft. It’s powered 
by a shaded pole electric motor rated at 1/150 h.p. The 
unit is oil-filled and hermetically sealed—used to pump 
water from evaporative-type air conditioners. C/R was asked 
to supply a seal that would retain the lubricant for life, and 
exclude water, but give minimum friction to avoid starting 
difficulty at low voltage. A C/R Oil Seal with a special 


Sirvene element was developed. It works beautifully. It seals eo = ye a | = Cc | 


efficiently at pressures up to 35 psi... and the breakaway 

torque is negligible. Applications like this are a specialty oF 

with Chicago Rawhide. For over thirty years C/R engineers 

have been providing equally successful solutions for tough 

sealing problems. . . and they will welcome the opportunity 

to help you with yours. For basic information let us send you More automobiles, farm equipment and industrial machines 


a copy of ““C/R Perfect Oil Seals.” rely on C/R Oil Seals than on an) 


j . 
imilar sealing device 


CHICAGO RAWHIDE MANUFACTURING COMPANY 


1301 Elston Avenue OIL. SEAL DIVISION Chicago 22, Illinois 


IN CANADA: SUPER OIL SEAL MFG, CO,, LTD., HAMILTON, ONTARIO 


Other €/R products 
SIRVENE: (Synthetic rubber) diaphragms, boots, gaskets and similar parts for critical operating conditions » Conpor: Controlled porosity 


mechanical leather packings and other sealing products « Sirvis: Mechanical leather boots, gaskets, packings and related products. 
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TERMINATE PRECISION RESISTORS 
Wits SPEED AND RELIABILITY 








resistance wire 

welded to leads 
without stripping 
enamel * 





precision stored-energy welding 


WELDMATIC MODEL 1012 TWEEZER TYPE WELDER 

welds fine wire to leads or tabs while resistor is on winder. 

Enamel stripping and flux contamination eliminated, 

with production time halved. Welded connection 

is very positive, stable, and rugged. 

*Made by Ircal Industries 

‘ twbvieltary, ARC 
UNITEK CORPORA:T.10.N 
258 Halstead Avenue * Pasadena 8, California 


Write for Complete Technical Information 
on Stoted Energy Welding 





MAKE YOUR COIL WINDING 


AY ee bY ee ae 


®@ No sharp outside edges 
to cut wire 

® Has full rigidity and 
physical strength 

® Permits winding coils 
to closer tolerances 

® No need for wedges to 
tighten wire 

© Allows faster stacking 
of wound coils 


SPIRAL WOUND 
NOT DIE FORMED 


ANY SIZE—SQUARE OR RECTANGULAR 


Entirely new technique in tube making developed 
and perfected by PARAMOUNT now for the first 
time solves many coil winding problems, yet costs 
you no more! Hi-Dielectric. Hi-Strength. Kraft, 
Fish Paper, Acetate, Red Rope or any combination 
wound on automatic machines. Produced from 
stock arbors or special sizes engineered for you. 
Write on Company letterhead for Stock Arbor List of over 2000 sizes 


PARAMOUNT PAPER TUBE CORP. 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA 
Manufacturers of Paper Tubing for the Electrical Industry Since 1931 
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and nvuise are described in two-page 
Bulletin 5255. Feature is a_ specially 
designed cone-shaped flexing member 
that permits the mounting device to 
carry a wide range of loads, permitting 
one size to handle a wide range of 
equipment. Data are provided for the 
three different compounds available for 
various operating conditions: a silicone 
rubber, a neoprene or a rubber element. 
Bushings, Inc. 
No. 97, Reader Inquiry Facility 


ELECTRICAL AND LUBRICATING DE- 
VICES—Among the products described 
in an 8-page condensed catalog are 
fuses, test and fuse clamps and fuse 
reducers. Text and _ illustrations also 
describe a variety of lubricating devices. 
including constant-level oilers, multiple 
feed oilers, and thermal oilers for use 
where a small quantity of oil is re- 
quired, Trico Fuse Manufacturing Co. 
Circle No. 98, Reader Inquiry icitit 


POLYAMIDE - EPOXY RESIN COM- 
POUNDS—Advantages of Polyamide 
Resin 115-epoxy resin thermosetting 
compositions, outlined in — technical 
Bulletin 11-6-3 include high impact re- 
sistance. excellent adhesion to a wide 
variety of surface, excellent resistance 
to water and solvents. high dielectric 
strength and no known toxic effects. A 
second bulletin No. 11-9, discusses 
structural adhesives based on thermo- 
setting blends of Polyamide Resin 115 
and epoxy resins. General Mills, Inc. 
rcle No. 99, Reader Inquiry Facility, page 


GEARS, GEAR SPEED REDUCERS —Typi- 
cal of the gear speed reducers shown 
and discussed in a 4-page brochure are 
double worm gears, with horizontal or 
vertical drive. available in 18 sizes: 
motorized reducers obtainable in 35 
sizes; and other gear speed reducers. 
Additional listings cover continuous- 
tooth herringbone. spiral bevel. spur. 
and worm gears, among others. Flexible 
couplings are available in three sizes. 
D. O. James Gear Manufacturing Co. 

rcle No. 100, Rs r acilit 


NYLCN MECHANICAL PARTS Zytel 
nylon molded products for industrial 
applications, engineered and molded by 
fabricator. are described and illustrated 
in a brochure listing the inherent prop- 
erties and advantages Zytel nylon pro- 
vides in bearings and bushings, rollers 
and pulleys, and other components. Its 
suitability for intricate shapes and use 
in friction bearings are pointed out, as 
well as its ability to mold _ readily 
around metal parts and its use for spe- 
cial small parts. United Plastic Indus- 
tries. 

Circle No. 101, Reader |r ry Facility 


RUBBER HYDRAULIC SEAL—Designed 
with eight sealing surfaces. a new type 
of industrial seal, the Quad-ring, is de- 
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scribed in an illustrated brechure. The 
design of the injection-molded rubber 
rings, obtainable in standard O-ring 
sizes, is said to eliminate spiral twist 
and assure positive sealing under ex- 
tremely high pressures, as well as at 
pressures as low as 0 to 5 lb. Additional 
advantages in hydraulic and pneumatic 
applications are pointed out and design 
recommendations provided. Minnesota 
Rubber & Gasket Co. 

( > No. 102, 


HYDRAULIC AND AIR CYLINDERS 
Text, tables, and illustrations in a 32- 
page catalog provide complete specifi- 
cations for both high- and low-pressure 
hydraulic cylinders, as well as for air 
cylinders. Standard cylinders are avail- 
able for working pressures up to 1500 
psi, with high-pressure types available 
in eight mounting styles. Additional 
pages provide data on bare and low- 
pressure hydraulic cylinders, available 
in six standard mountings. Special types 
include a cylinder for hydraulic service 
at up to 5000 psi. Hydro-Line Manu- 
facturing Co. 

No. 103, Re¢ r Ir f icility, page 24 


DESIGNING FOR PORCELAIN ENAMEL 
PARTS—Advantages of enameling iron 
made especially for porcelain enamel- 
ing. as well as of the finishes them- 
selves, are among the subjects dealt 
with in a 32-page booklet containing 
sections on the design of porcelain en- 
amel parts. fabrication, good enameling 
practice, testing, and related subjects. 
The suggestions and precautions dis- 
cussed range from the selection of 
proper gage of metal to welding. Armco 
Steel Corp. 

No. 104, 


PNEUMATIC - HYDRAULIC SYSTEMS, 
COMPONENTS — Data on a line of 
pneumatic-hydraulic actuators and con- 
trols for industrial machines are con- 
tained in Bulletin 1.C.-2.2. Basic com- 
ponents described include Power Drive 
cylinders, Power Trol valves, and Power 
Check hydraulic regulators. Applica- 
tions are given for typical pneumatic 
and hydraulic power transmission sys- 
tems. A second bulletin, No. I.C.-2.3, 
describes the Power Drive cylinder, 
operating on 500 psi max oil, or 200 
psi max air. Industrial Actuators and 
Control Div., National Pneumatic Co.. 
Inc. 

ircle No. 105, Reader Inquiry Facility, page 249 


VITREOUS ENAMELED ALUMINUM 
CASTINGS — Forthcoming commercial 
availability of vitreous enameled finish 
on fabricator’s aluminum castings is 
announced in a file folder. In addition 
to providing aluminum castings with 
color and durable surface protection, 
the coating also provides thermal in- 
sulation. Other advantages include a 
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here's what DIE CAST 
=| K ZINC ALLOY 

THREADED 
- FAST 


mean to you... 


in terms of a better product, in 
terms of a more economical product! 


Gries’ unique techniques make possible closer 
tolerances, cleaner threads, greater dependa- 
bility, durability, die-cast uniformity. Mass 
production means lower costs! 


NEW BULLETIN AVAILABLE! 


Fact-packed—shows how Gries in- 
genuity and money-saving methods 
can solve your fastenings problems. 

















Send today for your CAP NUTS 
co rices and samples. 
ible » World’s 
Foremost 
Producer of 
Small 


149 Beechwood Ave. ® New Rochelle, N. Y. 
Phone: NEw Rochelle 3-8600 


Die Castings 


| 
| 


TEU aS 


OVER 2300 
STANDARD SIZES 





Yes - Sizes from 12x12" to 60x90" 
. . . we have them all and they all 
comply with J. I. C. specifications 
for junction boxes. 


Send for Standard Size 
and Price List. 


Standard Price includes: 
1. Prime Coat 
2. Neoprene Gasket 
3. Sub Panel 
4. Mounting Lugs 
5. Captive Screws 


We fabricate custom [ 


enclosures of all types 


H.F.COX CO. Gren rains 2 WicHIGAN 
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COMPONENT 
FABRICATION 


0% 


KIRK: Alum 


Put your sheet and plate fabrication prob- 
lems up to specialists. Whether you require 
ten or ten thousand components, Kirk 
& Blum has the men, machines, methods 
and materials to do the job quickly and 


economically. 
Steel and alloy fabrication . . . sheet, plate 
and light structural ... has been a Kirk 


& Blum specialty for 48 years. Exceptional 
experience and complete facilities up to 
Y2" thickness in carbon steel, stainless, 


aluminum, monel and other alloys. 


Send prints for prompt quotation or write 
for your copy of the latest Kirk & Blum 
Sheet and Plate Fabrication catalog. The 
Kirk & Blum Mfg. Co., 3122 Forrer St., 


Cincinnati 9, Ohio. 


A WIDE RANGE 
OF SHEET AND 
PLATE PRODUCTS 


We 
Bring Your Prints 
To Life. 








KIRK §Lum 


SHEET METAL 
FABRICATION 








SMALL MILLER 











FUEL OIL TANK 










GASOLINE PUMP 
STAMPINGS 







HYDRAULIC 
RESERVOIR 





CARBIDE GRINDER 


BASE 








TIMER CASE 











GASOLINE TANK 









CONDENSATE 
PUMP TANK 


voltage breakdown rating of 500 vps; 
and flame and abrasion resistance. Parts 
can be machined or finished without 
noticeable damage. Monarch Aluminum 
Mfg. Co. 

rcle No. 106, Reader Inquiry facility, page 249 


THERMOCOUPLE WIRES, EXTENSION 
WIRES — Ceramo thermocouple wires 
and thermocouple extension wires. de- 
scribed in a 4-page bulletin, are ce- 
ramic-insulated metal-clad wire manu- 
factured in all standard thermocouple 
materials, and in different types of 
seamless metal tubing over-all. Thermo- 
couple wires are made in lengths up to 
30 ft; the extension wires, in varying 
lengths up to 2000 ft. Configuration, 
insulation resistance, terminals and 
seals are discussed. Thermo Electric 
Co.. Ine. 

ircle No. 107, R« 


STOCKED RELAYS—Specifications and 
prices of standard relays available from 
stock are given in jobber’s 18-page 
catalog. Typical of the more than one 
million available relays are a variety of 
telephone-type. snap-action switch re- 
lays, rotary. and midget relays. Addi- 
tional listings cover motor and control 
relays. latching and interlocking mod- 
els, as well as differential and polarized 
types, mechanical action models, and 
other standard and special relays. 
Hermetically sealed models are avail- 
able. Relay Sales. 

No. 108, Reader 


RUBBER, VINYL PRODUCTS—Twenty- 
page catalog is devoted to fabricator’s 
facilities for. and representative em- 
amples of. core-molded, compression- 
molded. and extruded rubber products. 
Rubber laminated and die-cut parts can 
be specified. Additional pictures and 
text describe a complete service for 
vinyl products—from initial product de- 
sign. through mold service, to mass pro- 
duction. The Sun Rubber Co. 
e No. 109, Reader Inquiry Fa 





Postcard return cards are pro- 
vided on page 249 as a conven- 


ience to the reader in obtaining 


New Components and Materials 
Literature for the Asking 

Feature Article Reprints 
Advertised Products 
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MOTORIZED CONE-DRIVE 
SHAFT MOUNTED SPEED REDUCERS 


Get rid of all those components usually required with 


shaft mounted speed reducers in one simple step. 
Simply design with double-enveloping worm gear 
Cone-Drive speed reducers. Reducer, bearings and 
motor are all combined in a single compact unit. No 
belts to wear out and replace. No bed plates, pulleys, 
or sheaves to align and adjust. No torque arm either; 
just mount reducer directly to base of machine. In- 
ventories will be simplified, too, when you stock Cone- 
Drive reducers. 

That's not all you get with Cone-Drive shaft mounted 
reducers! You get double-enveloping worm gearing — 
the most efficient method of right-angle power trans- 





DOUBLE ENVELOPING GEAR SETS & SPEED REDUCERS 


JULY 1955 


i GEARS ——— 
1 iision Mlichigen Toot Comping 


missionavailable today. Cone-Drive gearsalmost half the 
size still carry the same load as cylindrical worm gearing. 


You get the smoothest power delivery possible with 
Cone-Drive gears—ideal for all kinds of rolling, 
calendering and similar types of machinery. And, 
they'll require a minimum of maintenance because the 
double-enveloping design spreads tooth loads over a 
greater area, reducing wear and lengthening life. 


Inspect your present or proposed drive system now. 
See how Cone-Drive shaft mounted reducers can make 
it smaller, more efficient and most important, more 
saleable. 


Bulletin CD-323 will show you how to provide greater 
flexibility in the design of your equipment. Ask for it. 


7171 E. McNichols Road ¢ Detroit 12, Michigan 
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Associations 








ANYWHERE! 
“Jo Expaud Your 


AC Produet Sates! 





ey & 


STANDARD and HEAVY DuTY &f 


sINVERTERS' 


4 For Inverting D.C. to A.C. ... Specially I 
‘ Designed for operating A. C. Radios, f 
Television Sets, Amplifiers, Address 


Systems, and Radio Test Equipment 
Y from D. C. Voltages in Vehicles, 
Ships, Trains, Planes and a 
in D. C. Districts. 





</ NEW MODELS “A” Battory Eliminetors, 
+/ NEW DESIGNS DC-AC inverters, Auto 
4/ NEW LITERATURE Radio Vibrators 


See youn jobber or write factory 


AMERICAN TELEVISION & Rapbio Co. 
' Quality Products Since1931 


SAINT PAUL 1, MINNESOTA—U. S. A. 
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First Machine Tool Show Since 1947 
Planned for Chicago 

Sponsored by the National Machine 
Tool Builders’ Association, the first Na- 
tional Machine Tool Show to be held 


| since 1947, will take place at the In- 


ternational Amphitheatre, Chicago, 
Sept. 6-17. In conjunction with this ex- 
hibit, the Production Engineering Show 
will be held at the Navy Pier. 

On exhibit at the Machine Tool Show 
will be the products of 150 manufac- 
turers containing the latest improve- 
ments in electronic and hydraulic con- 


trols; tracing and contouring mech- 
anisms; hydraulic and mechanical 


presses; and throughout the entire field, 
improvements in accuracy. It is esti- 
mated that more technological advances 
have been incorporated in machine tool 
models designed in the few years since 
Korea, than in the previous 15 or 20 
years. 

Among the products to be exhibited 
at the Production Engineering Show 
are electronic control equipment, air 
gages, conveyors, brakes, clutches, drive 
mechanisms, weighing equipment, 
chucks, dies and jigs and lubricating 
systems. Inaugurated this year in con- 
junction with the Machine Tool Show. 
the Production Engineering Show will 
continue as an annual exposition. 


Computer Clinic to Be Featured at 
ISA Instrument-Automation Conference 
Organized to display the latest develop- 
ments in instrumentation and automa- 
tion, the 10th Annual _ Instrument- 
Automation Conference and Exhibit 
sponsored by the Instrument Society of 
America, will include clinical and tech- 
nical sessions covering all phases of the 
industry. The conference will take place 
at the Shrine Exposition Hall, Los An- 
geles, Sept. 12-16. 

Analytical clinics, which have long 
been an integral part of the Society’s 
programs, are scheduled, as are tech- 
nical sessions and a computer clinic. 
The latter, an innovation in this year’s 
conference, will feature the general use 
of digital and analog equipment. 


SPI Elects Officers 


Norman Anderson, president, General 
Molded Products, Inc., Des Plaines, Il, 
has been elected president of The So- 
ciety of the Plastics Industry, Inc. Mr. 
Anderson succeeds John J. O’Connell, 


_SPI’s president for the past two years. 


Mr. O’Connell, president of Consoli- 
dated Molded Products Corp., Scran- 


<J| ton, Pa., is now the new chairman of 


the SPI board of directors. As vice 
president, the Society chose Alan §, 
Cole, executive vice president of Bres- 
kin Publications, inc., New York City. 
William C. Baird, president, Prolon 
Plastics, Pro-phy-lac-tic Brush Co. of 
Florence, Mass., was elected to the of.- 
fice of secretary-treasurer. 


Component Standardization, 
Fire Resistant Fluids Feature 
Hydraulic Conference 
Discussions of standardization of hy- 
draulic components, new types of fire- 
resistant fluids and the design of leak- 
proof connections were featured at the 
Fabricating Machinery Hydraulic Con- 
ference held in Detroit, May 17 and 18. 
In the discussions on standardization 
of hydraulic components for fabricating 
machinery, emphasis was placed on in- 
terchangeability with regard to port 
sizes and locations as well as mounting 
pad configuration and dimensions. It 
was noted that while no significant 
trend towards standardization is in evi- 
dence, the subject is being given serious 
consideration by suppliers. 
Although experimental 
still inconclusive, present 


results are 
indications 
are that applications of the new water- 
soluble fire-resistant fluids (oil-in-water 
and water-in-oil emulsions) will prob- 
ably be limited to working pressures 
below 300 psi to insure satisfactory 
performance. One user reported fair 
results with a water soluble type at 300 
to 400 psi in a hydraulic welding ap- 
plication. 

During the discussion on leakproof 
joints, it was brought out that one large 
press manufacturer is successfully pro- 
ducing no-leak joints by welding pipe 
to flanged Subsequent 
pickling removes the scale which may 
have formed inside the pipe during 
welding, and piping runs are stress re- 
lieved after welding. Silver soldered 


connections. 


joints were also cited as a good means 
of controlling leaks. Induction heating 
was recommended as the ideal method 
for soldering with minimum fitting dis- 
tortion. 


New Officers Chosen for AGMA 


At its 39th Annual Meeting, held at 
Hot Springs, Va., June 5-8, the Ameri- 
can Gear Manufacturers Association 
elected as president, Marvin R. Ander- 
son, executive vice president of the 
Michigan Tool Co., Detroit. Mr. Ander- 
son has been active in AGMA for sev- 
eral years, having served a 3-year term 
on the executive committee, and the past 


ELECTRICAL MANUFACTURING 


or 
CONTROL... 


of Electro-Mechanical Force 
Consult with Soreng First,.-*| 
Some of the Applications ; 
of Soreng-Designed Controls ,-*" 


Selector Switch 


@e 
————————canen Vanes 


Door Switches 6 


Pressure Switch 


Soreng controls can be custom designed— to meet 
your specific requirements—at mass production prices. 


For complete facts write for your data 
folder on Soreng Controls 


ePRODUCTS CORPORATION 
9551 Soreng Avenue, Schiller Park, Illinois * Plants: Schiller Park, Ill. * Fremont, Ohio * Spring Valley, Ill. 


OTHER SORENG PRODUCTS FOR THE APPLIANCE, AUTOMOTIVE AND AIRCRAFT INDUSTRIES 


Solenoid NTC -la lela alias Snap Switch Push-button Switch 
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Does your 
product 
need motion 
at 

SLOW 


SPEED? 


If you are designing or 

building a product 

where you need motion 

at slow speed, Motore- 
search has a motor for you. Our 
A. C. Induction Motor is made 
in four basic sizes with output 
shaft speeds of from 1-200 rpm. 
and with torque of from 5 to 
1060 in. ounces. 


Hundreds of thousands of these 
motors are in use today on 
Rotisseries, Broilers or House- 
hold Ranges where a motorized 
spit is provided, Advertising 
Displays, Vending and Coin 
Operated Machines, Amusement 
Games, Automatic Television 
Tuners, etc. 


Motoresearch manufactures 
these motors in volume for im- 
mediate delivery. Tell us the 
motor requirements of your ap- 
plication and we will build to 
your product. Sample Motors 
built to your specifications will 
be shipped for your testing. 
Write for Gearmotor data sheet. 


plore 


Designers and Manufacturers of 


SPECIAL INDUCTION MOTORS 





SEARCH Company 


1600 JUNCTION AVENUE 
RACINE, WISCONSIN 


Calendar of Meetings 


Aug. 15-18 Pacific General Meet- 
ing; American Institute of Electri- 
cal Engineers, Finlen Hotel, Butte. 
Mont. 


Aug. 22-23--Symposium on Elec- 
tronics in Automatic Production: 
sponsored by Stanford Research In- 
stitute and the National Industrial 
Conference Board, Sheraton-Palace. 
San Francisco. 


Aug. 24-26 Western Electronic 
Show and Convention: West Coast 
Electronic Manufacturer's Associa- 
tion and Los Angeles and San Fran- 
cisco Sections of IRE, Civie Audito- 
rium, San Francisco. 


Sept. 6-17——National Machine Tool 
Show and Production Engineering 
Show. National Machine Tool Build- 
ers’ Association; Internotional Am- 
phitheatre and Navy Pier, Chicago. 


Sept. 6-17——Metalworking Machin- 
ery & Equipment Exposition: Chi- 
cago Coliseum, Chicago. 

12-16 Annual Con- 


Sept. Tenth 


year as vice president. New vice presi- 


dent will be Fred R. Eberhardt, presi- 
dent, Eberhardt-Denver Co.. Denver. Mr. 


Eberhardt formerly served terms of of- 
fice as a member of the excutive com- 
mittee and treasurer of AGMA. Elected 
as treasurer was Gunnar E. Gunderson. 
president, Brad Foote Gear Works, Inc.., 
Cicero, Ill. Mr. Gunderson is a former 
member of the executive committee. 


ASM Joins Atomic Industrial Forum 
The American Society for Metals. Cleve- 
land, has become a member of the 
Atomic Industrial Forum, Inc., a non- 
profit organization of industry and ed- 
ucation, engaged in the development 
and application of atomic energy for 
peaceful purposes. To promote an 
awareness of the problems and oppor- 
tunities in the atomic energy field, the 
Forum's activities include the schedul- 
ing of meetings and discussions among 
representatives of industry, labor, edu- 
cation and government. Members are 
also served through the action of com- 
mittees and of surveys and by an in- 
dustry information service. 

The Forum has been designated as 
an Atomic Energy Commission deposi- 


Exhibit: Instrument 
Society of America; Shrine Exposi- 
tion Hall and Shrine Auditorium. 
Los Angeles. 


ference and 


Sept. 19-22 ——Tenth Anniversary 
National Meeting; Society of Indus. 
trial Packaging and Materials Han- 
dling Engineers, Kingsbridge  \r- 
mory, New York City. 


Sept. 26-27 Symposium on Auto- 
mation; Radio-Electronics-Television 
Manufacturers Association, Irvine 
Auditorium, University of Pennsyl- 
vania, Philadelphia. 


Sept. 28-29——Industrial Electronic- 
Conference: American Institute of 
Electrical Engineers; Rackham Me- 
morial Auditorium, Detroit, Mich. 


Oct. 3-5 National Electronics Con- 
ference; National Electronics Confer- 
ence, Inc., Hotel Sherman, Chicago. 


Oct. 3-7—-Fall General Meeting: 
American Institute of Electrical En- 
gineers, Morrison Hotel, Chicago. 


tory library for unclassified information 
relating to the industrial applications 
of atomic energy. Although the Forum 
works closely with the government in 
nuclear energy problems, it is supported 
entirely by private industry. 


Design of Capital Goods to Be Featured 
At Industrial Designers’ Conference 
The increasing influence of industrial 
design on capital 
goods will be among the topics to be 
discussed at the 11th Annual Meeting 
and Design Conference of the Society 
of Industrial Designers scheduled for 
Oct. 6-8 in Washington, D. C. 

Besides the problems that industrial 
designers consider when designing 
lathes, linotype machines and other non- 
consumer items, the Society's members 
will also consider the impact of auto- 
mation on industrial design and the 
most effective use of market research 
in determining the size, shape, color, and 
other aspects of household appliances 
and consumer items. 

For the first time the Society is open- 


non-consumer and 


ing its conference to guests from indus- 
try and the design field. The subjects 
mentioned above will be treated in 
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Making connections to the commutator 
assembly of “‘Worksaver”’’ lift trucks is a 
cinch in the Yale & Towne Manufacturing 
Co. plant. Instead of laborious point-to- 
point wiring, assemblers simply install a 
ready-made Carol wiring harness. This 
custom-designed assembly includes all nec- 
essary wires, cut accurately to length and 
fitted with terminals... all cabled to- 
gether into a neat, readily handled unit 
that slashes minutes off assembly time. 





QUALITY CABLE... engineered for your needs 


You can be sure of top quality in Carol 
wiring harness. All wire is manufactured 
in our completely integrated wire-making 
plant. Every step, from drawing of wire 
to compounding of insulation is centralized 
under one responsibility under strictest 
laboratory control. 

Expertly engineered to individual specifi- 
cations .. . delivered on prompt schedule 

. . and priced right . . . Carol wiring har- 
ness is helping many manufacturers to cut 
wiring costs. We will be glad to talk over 
your specific problem. Write Dept. EM. 


DIVISION OF THE CRESCENT CO., INC., PAWTUCKET, RHODE ISLAND 
Serving Industry for Over 30 Years 

















Request Roth’s 

Get Roth technical 

assistance without 

obligation. We'll 

4 be glad to help 

, you solve your 
rubber problem. _ 


coupon today. ~ 
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oe ee] ROTH RUBBER CoMPANY 


Roth Rubber Solves 
Rubber Problem 
for West Coast 


Manufacturer! 


f me 





\ viewing oscilloscope 
seems like a simple problem for the 
rubber technologist, yet it is 
significant that Tektronix, Inc., of 
Portland, had Roth Rubber, in Chicago, 
provide the solution. The viewing 
hood must not crack or buckle, has to 
adjust to any face and must exactly 

fit the Tektronix scope. Roth 
engineers solved this problem 
can yours. 


hood for an 


they 
solve 


Engineers and Rubber Buyers! 


Write for your free Roth Rubber Sampler. 
This unusual kit contains actual 
rubber samples with hardness from 

5 to 100 Durometer gives ASTM 
specs and lists uses for each sample. 
Sorry, but offer limited to 
engineers and rubber buyers only. 
Please ask for Roth Rubber Sampler 

No. EMI. 


must be 


Manufacturers of Industrial 
Products since 1932. 


Custom 


Rubber 





1856 S. 54th Avenue, Chicago 50 


Send Roth Manual 
Please comment on attached description of our 
rubber problem or production rubber requirements. 


Name 


Position 





Company 
Address 
City 





Zone___ State 





sa 


| 


| 
| 


round-table discussions, speeches by 
outside experts and specially prepared 


papers by members of the society. 





Book 
Reviews 





Elements of Servomechanism Theory, by 
George J. Thaler, McGraw-Hill Book 
Company, 330 W. 42 St., New York. 


282 pp. $7.50. 


This book presents the 
feedback control theory 


elements of 
and the nor- 
mal modern methods of applying them 
in such a way as to make the material 
understandable by without 
previous servomechan- 
isms. Higher mathematics has not been 


engineers 


knowledge of 


used and in order to provide adequate 
practice in the 
polar and logarithmic approaches are 
handled simultaneously. The book cov- 


modern techniques, 


ers loop systems and offers sufficient 
material on multi-loop systems to in- 
troduce the problems involved and the 
basic approaches to solutions. The two 
final briefly ad- 
vanced topics such as root locus meth- 


chapters introduce 
ods, phase plane techniques, and de- 
scribing functions. 

Several novel approaches in the pre- 
sentation of the material can be noted. 
System equations and transfer fune- 
handled by circuit theory 
rather than the Laplace transformation. 
Principles are explained and the meth- 
ods of applying them are brought out 
by detailed numerical illustrations. The 
reasoning behind manipulative steps is 
clearly defined. 


tions are 


Several of the chapters consist prin- 
cipally of worked problems. A number 
of closed-loop systems are described, 
numerical values are given for the com- 
ponents and a performance 
characteristic is specified. The adjust- 
ment or compensation required to meet 
the then computed, 
using both logarithmic and polar meth- 
ods. Each step in the computation is 
given, together with reasons for using 
that specific procedure. This method 
should be helpful in enabling the reader 


desired 


specifications is 


to acquire an elementary working 
knowledge of the subject of servo- 


mechanisms as well as a sound theore- 
tical background. 


ELECTRICAL MANUFACTURING 


THE MOST TRUSTED NAME IN ELECTRICAL CONNECTORS 





Pioneers in 
Development of 
Vibration-Resistant 
Electrical Connector 


The unsatisfied demand for a rugged, 
dependable connector capable of meeting 
the exacting requirements of modern air- 
craft led the Scintilla Division of Bendix* 
to develop the first vibration-resistant 
electrical connector. These connectors 





using the revolutionary new insert mate- 
rial known as Scinflex were first used on 
Scintilla Division’s ignition equipment 
for piston engines. 

So outstanding was the performance 
of this new and better connector that its 
acceptance and use have now become 
world-wide. Today the Scintilla Division 
is a major contributor to the electrical 
connector industry. 

This pioneering has never stopped. 
Bendix was first in the field with cad- 
mium plated connectors, which were later 
made a requirement of military specifi- 
cations. Our latest contribution is the 
best engineered closed entry socket con- 
tact available anywhere—one which can- 
not be mechanically overstressed. 


*TRADE-MARK. 


SCINTILLA DIVISION 


ot “Gondix” 


AVIATION CORPORATION 


SIDNEY, NEW YORK 


AVIATION PRODUCTS: Low and high tension 

ignition systems for piston, jet, turbo-jet engines and 

rocket motors . . . ignition analyzers . . . radio shielding 

harness and noise filters . . . switches . . . booster coils 
-.. electrical connectors. 


Export Sales: Bendix International Division * 205 East 42nd St., New York 17,N. Y. 
FACTORY BRANCH OFFICES: 117 E. Providencia Ave., Burbank, Calif. @ Stephenson Bldg., 6560 Cass Ave., 


Detroit 2, Mich. @ 512 West Ave., Jenkintown, Pa. @ Brouwer Bldg., 176 W. Wisconsin Ave., Milwaukee, Vo a 
Wisc. @ American Bldg., 4 South Main St., Dayton 2, Ohio e@ 8401 Cedar Springs Rd., Dallas 19, Texas 


® Boeing Field, Seattle 8, Washington @ 1701 ‘“‘K’’ Street, N. W., Washington 6, D. C. 
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Pulse Gable 
~ assemblies! 











HHB assemblies prove 
outstanding in performance 


CORONA-FREE!.. . up to and including 
8 KV and ability to meet 12 KV breakdown 
test in normal service for most assemblies. 
Under special conditions they have been 
produced to meet higher corona-free re- 
quirements. 


COMPLETELY APPROVED!...HHB 
Cable Assemblies embody HHB Connec- 
tors. Both are factory-assembled and 
tested as complete units to provide assur- 
ance of outstanding service. Cables sup- 
plied in lengths as required. 


NEW!, ..“pressure correct’ connection 
Bayonet-type connection for HHB Pulse 
Connectors was recently introduced to permit 
quick assembly and positive contact without 
excessive pressure by overtightening. 


Write for HHB Catalog Bulletin CA-33-36-53, and data on new Bayonet-type connectors. 


Skilled in 
¢ RESEARCH ¢ DESIGN 
e ENGINEERING ¢ MANUFACTURING 


of Electronic Components and Connectors 
for Communications and Industry 





Standards 


Double-Pitch Roller Chains 
Double-Pitch Power Transmission 
Roller Chains and Sprockts, ASA 
B29.3-1954. This standard is for a 
limited series of double-pitch power 
chains and differs only from the base 
chain series, ASA B29.1-1950. in that 
the pitch has been doubled. 

For many years roller chain manu- 
facturers have furnished the compara- 
tively inexpensive double-pitch chains 
for specific installations. Because this 





practice has become so common and 
the chains become of such universal use, 
the new standard was developed by the 
Association of Re'ler and Silent Chain 
Manufacturers to supplement the base 
chain series. Supplementary informa- 
tion contained in the new standard 
indicates the special usefulness of 
double-pitch chains for drives having 
slow to moderate speeds. moderate 
loads and long centers. 

Double-Pitch Conveyor Roller Chains 
{ttachments and Sprockets, ASA B29.4- 
1954. Double-Pitch conveyor chains are 
frequently assembled with modified pin 
link plates, roller link plates and pins 
to adapt the chains for use in conveying, 
elevating or timing operations. Varia- 
tion in link plate thickness, hole size 
and location; in diameter and length 
of extended pins; and in_ sprocket 
details has caused lack of interchange- 
ability and has tended to restrict users 
to one source of supply. ASA B29.4- 
1954 is intended to remedy this lack of 
standardization and supplement ASA 
B29.1-1950, which covers the base chain 
series. 

Copies of ASA B29.3-1954 and ASA 
B29.4-1954 may be obtained from the 
American Standards Association, Inc.. 
70 East 45th St.. New York 17, N. Y. 


at $2.00 a copy. 


Switchgear Assemblies and 
Metal-Enclosed Bus 


Issued under the sponsorship of the 
AIEE, American Standard for Switch- 
gear Assemblies and Metal-Enclosed 
Bus, ASA (C37.20-1955. covers assem- 
blies of various switchgear devices such 
as switches, interrupting devices. con- 
trol, metering, protective and regulating 
equipment with associated inter-con- 
nections, enclosed bus and supporting 
structure. The standard does not apply 
to industrial control equipment, com- 
munication switchboards and switching 
equipment, or switchboards for ship- 
board. 

Copies may be obtained from the 
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... to see how Gaylord Boxes save you money in 
warehousing. They make possible taller stacking 
to better utilize your valuable storage space. The 
superior materials and precision construction of 
Gaylord Boxes help prevent "stack-bottom bulge.” 
For proof of how Gaylord Boxes can protect 
your profit, as well as your product, call your 


nearby Gaylord office. 
CORRUGATED AND SOLID FIBRE BOXES + FOLDING CARTONS «+ KRAFT PAPER AND SPECIALTIES « KRAFT BAGS AND SACKS 


GAYLORD CONTAINER CORPORATION * ST. LOUIS 


SALES OFFICES FROM COAST TO COAST * CONSULT YOUR LOCAL PHONE BOOK 
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DUREZ saves your time 
FACTS 


with up-to-date 


ON 


PHENOLICS 





@ When you're looking into materials 
and need factual information — 


@ When you’re thinking of plastic parts 
for industrial products — 


@ When you're planning design changes 
to improve whatever you make — 


You can save a lot of time by having 

up-to-date physical property ‘data on 

Durez phenolics—the industrial plastics 
in this handy pamphlet form. 


Our new ‘Phenolic Molding Materials’ 
tells.you quickly what you need to 
know, including specific property val- 
ues On a number of materials in each 
of the several basic groups of no 
We'll gladly send you a copy. 
than one if you need it. 


. more 





PHENOLIC PLASTICS 


for the new Competitive Era 
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| SEND FOR THIS BOOKLET TODAY 


DUREZ PLASTICS & CHEMICALS, INC. 
1307 Walck Road, North Tonawanda, N. Y. 


Please send me your 


“Phenolic Molding 
Materials-Physical Properties by 
Classified Groups.” 


Name 
Company 


Street 


( ity & Zone State 


| American 


Electrical En- 
New York 18. 


members, and 


Institute of 
33 West 39th St., 
30¢ for AIEE 


non-members. 


American 
gineers, 
N. Y. at 
60¢ for 


Ratings for Power 
Circuit Breakers 


First issued in 1945 as an approved 
standard, and last revised in 1953, 
Standard Schedules — for 
Breakers, C37.6-1955. 


Power Circuit 


| has been brought up to date in the 1955 


revision. Included in the standard are 
power circuit breaker ratings for indoor 
oil, indoor oiless and outdoor 
Requirements 


arresters for 


types. 
concerning — lightning 


outdoor circuit breakers 
have been omitted in this edition. 


Copies of Publication No. C37.6-1955 


may be obtained from the American 
Standards Association, Inc., 70 East 
45th St.. New York 17, N. Y., at 40¢ 
a copy. 





Manufacturers 
Publications 





For these selected publications on ma- 
terials, components, technical data and 
engineering services write direct to the 
manufacturer on company letter head, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


THERMOSTATIC BIMETALS AND CON- 
TACT MATERIALS — Specifications, 
properties and applications of thermo- 
static bimetals, electrical contacts, com- 
posite materials and special alloys are 
provided in a 192-page “Blue Book,” 
available from The H. A. Wilson Com- 
The thermostatic 
tion includes a discussion of the 


bimetals sec- 
forms. 


pany. 


o . . 

properties and fabrication procedures 
of these materials; formulas for esti- 
mating behavior; and 29 drawings of 
typical applications. Also provided are 
100 charts showing the general type, 
size, shape and fabrication of various 
bimetals. 

The section on contact materials out- 
lines composition-choice factors, design 
factors and the fundamentals of elec- 
trical contact phenomena. Included are 
materials and a de- 
scription of properties and applications 
Drawings and tables are 
provided. Methods of contact assembly 
also are discussed. Copies of the Blue 
Book ave sent free to customers and 
prospective users. Otherwise the book 
sells for $3.00. To obtain a copy write 
on company tneneee - H. A. Wilson 
Co., 2655 U.S. Route 22, Union. N.J. 


classifications of 


of each type. 
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| For Current Limiting Applications 


A 


et 








OPEN 
CIRCUIT 
VOLTAGE 
SHORT 
CIRCUIT 
' 
' 
TYPICAL HIGH IMPEDANCE ; 
TRANSFORMER CHARACTERISTICS \ ! 
SECONDARY : 
VOLTAGE & 


SECONDARY LOAD CURRENT 


Electrical equipment that requires a high start- 
ing voltage, but low operating voltage must be 
protected against the high initial current that is 
drawn at starting voltage. 


This is done by reducing the starting voltage 
automatically through the use of a current- 
limiting or High Impedance Transformer, which 
has shunts between primary and secondary 
windings. These shunts carry very little flux at 
no load; as the load increases, the secondary 
ampere-turns force more flux into the shunts 
until at a given current a short circuit is caused. 
At short circuit current half of the total flux 
flows through each set of shunts. 
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igh 
impedance 
Transformers 
For..:: 


* electronic filament tubes 

+ lamps 

> arc welders 

ae high impedance tube circuits 
ep rectifiers 


any application where 
current limiting is needed 


For over 30 years NWL has designed and man- 
ufactured custom transformers for every appli- 
cation. Only high standard materials and most 
reliable manufacturing methods are used. NWL 
coils are vacuum impregnated with the best of 
varnishes. Joints over 10 amperes are silver sol- 
dered and bus leads over 100 amperes are sil- 
ver plated. All laminations and grain-oriented 
core steels, and most silicon steels are annealed 
in controlled nitrogen atmosphere electric 


furnaces. 
We are proud to have built our business by 


manufacturing one product — reliable custom 
transformers. 


Write for complete information 


WINDING LABORATORIES, INC. 


P. O. Box 455, Dept. 101, TRENTON, N. J. 
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gh NEW viny! sleeving 
Lt mp VA ST LY 


ct al “ 105°C SU PERIOR 
to 2 105 grades 





NEW Hesinite 
ae Pas 


VINYL SLEEVING 


A remarkable NEW vinyl sleeving that is 

far superior to normal 105°C Grades! 

RESINITE SUPER HEAT 125 is com- 

pounded especially for electrical applica- 

tions requiring sleeving that will maintain 

its properties under severe conditions. 

e Tougher. Is not cut by enamel wire 
loaded to 300 p.s.i. at 105°C for 30 days. 

e Far greater resistance to oil, varnish, 
pitch. 

e Superior heat-aging properties. 

e Non-inflammable. 

e Dielectric strength 1000 volts/mil aver- 
age—wet or dry. 


e Noncorrosive with copper or aluminum. 


Ask your Resinite Representative or write 
for samples and performance data. 


D 
Ep 


RESIN INDUSTRIES, INC. SANTA BARBARA, CALIF. 


ven: Movin EEVING AND TUBING FOR THE AIRCRAFT ELECTRONICS AND PHARMACEUTICAL FIELDS 





Men 
in Industry 





Soreng Products Corp., Schiller Park, 
Ill., has advanced Paul G. Frerer from 
chief engineer to the position of vice 
president, director of engineering. Prior 
to joining Soreng. Mr. Frerer was chief 
engineer of the Sampsel Time Control 





PAUL G. FRERER 


Co.. chief engineer and manager of 
American Instrument Co., and was as- 
sociated with the Bendix Aviation Corp. 
and the Perfex Co. Mr. Frerer is a 
graduate of the Rensselaer Polytechnic 
Institute of Troy. N.Y. 


The Norge Division of the Borg- 
Warner Corp.. Chicago, has named 
Emmet Geibel as chief engineer of its 
Effingham. IIL. plant. Previously chief 
engineer of the Columbus Stove Co., 
Columbus. Ohio. Mr. Geibel has worked 
in various engineering capacities at 
Norge for 13 years. His new duties will 
include engineering responsibility for 
gas and electric ranges and automatic 


| clothes drvers. 


Previously engaged in contract ad- 
ministration for two years, Nicholas 
Monsarrat has been placed in charge 
of all ordnance development at the 
Cranston, R. 1., plant of the Universal 
Winding Co. In his new capacity he will 
be responsible for engineering and ad- 


' ministration of the ordnance group's 


activities, 


Associated with the Grand Rapids Di- 
vision of Lear, Inc., Grand Rapids. 
Mich., since 1953, T. K. Greenlee has 
been advanced to division engineering 
manager. A former chief of the electro- 
mechanical engineering section, Mr. 
Greenlee’s new responsibility will be the 
direction of all phases of division en- 
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a family of 
door fasteners 


with = 8 


THICKNESS UP TO 1/2 INCH 


BIG ADVANTAGES 


GRIP PRESSURE ... AS LIGHT OR 
AS TIGHT AS REQUIRED 













salsa 


...% turn closes, additional turning tightens 





PRE-ASSEMBLED, QUICKLY INSTALLED 





LARGE MED. SMALL 





Get the complete story of Southco Pawl 
Fastener advantages. Write today for your 
copy of the Southco Fastener Handbook. 

Southco Division, South Chester Corporztion, 


TWO STYLES, THREE BASIC SIZES ... 
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Multiple Reprint on 
Printed Circuits 


Ix a continuing program, the editors of ELEcrricaL MANv- 
FACTURING, have been regularly reporting developments in the 
miniaturization and unitization of electronic equipment. Special 
attention has been given to printed circuits and associated tech- 
niques, both from the standpoint of parts design, application, 
and advanced fabrication and assembly methods, including au- 
tomatic production. 


A selection of 14 of these articles has been brought together 
in a 72-page booklet, Multiple Reprint No. 8, “Printed Cir- 
cuits.” Booklet is 8% x 11 in., and includes each article in 
complete form with all original illustrations, schematics and 
diagrams. Subjects include: 


Elements of Radio Circuits Printed on Ceramic Plates, April 1946, page 
188. Report of initial development of printed circuit components for 
proximity fuses; conductors formed of silver paste applied by silk screen 
on steatite plates and fired; resistors are carbon suspensions sprayed or 
painted. 

Standardized Stamped Wiring for Low-Power Circuits, July 1947, page 98. 
Grids of strap copper on two sides of insulating sheet connected by 


eyelets as solution to cross-over problems; eyelets used for mounting 
components. 


Metallized Circuits Reduce Wiring Costs, September 1947, page 116. 


Atomized metal sprayed through a stencil to form conductors in grooves 
in dielectric material. 


Three Metallized Techniques for Component Design, February 1949, page 
120. Conductors formed by metallizing a nonconductive surface as a 
mass production technique. 


Miniaturization—Crux of Contemporary Product Design, June 1950, page 
86. Printed circuits a major means along with unitized package and 
module design for reduction in size, weight and complexity of electronic 
design. 


Unitized Electronic Design and Construction Techniques, February 1951, 
page 78. Printed circuits shown to be major elements in development 
of functional subassemblies, providing better reliability and decreased 
maintenance. 

Mechanization of Wiring—Key to Automatic Assembly, January 1953, 
page 74. Design objectives behind the development of Motorola’s “Pla- 
cir” system for mechanization of point-to-point wiring. 


Printed Circuit Assemblies by Automatic-Machine Systems, March 1953, 
page 106. Projected system for mechanizing electronic circuit assem- 
blies based on industry experience with the Auto-Sembly method de- 
veloped by the Signal Corps. 


British Developments in Embedded and Printed Circuits, May 1953, page 
84. Review of current thinking and progress based on recent official re- 
ports; several systems discussed, including methods of producing sprayed 
resistors and printed coils. 


All-Printed Circuit Electronic Assembly, June 1953, page 152. Rubber- 


backed connector system combined with printed circuits chassis ele- 
ments eliminates connectors and most hand wiring. 


Portable Radio with Printed Circuit, July 1953, page 139. Admiral 
portable radio uses a photo-etched circuit pattern on a copper-faced 
phenolic-paper laminate. 


Solderless Electronic Assembly with Cellular Units, September 1953, page 
139. A system of circuit elements combined with printed circuits to 
simplify automatic assembly. 

Printed-Circuit Design Sources, December 1953, page 129. Tabulation of 
commercial and experimental design and fabrication services; survey of 
materials used, end-product specialties, and design information. 


Simplifying Fabrication of Printed Circuits, February 1954, page 122. Im- 
proved stencil-etch method for cutting down production time. 


e Copies of Multiple Reprint No. 8 are available at $2.00 each on requests 
accompanied by remittance, including 3 per cent sales tax for New York 
City deliveries. Send orders to Reader Service Dept., The Gage Publishing 
Company, 1250 Sixth Ave., New York 20. 











gineering, including supervision of both 
its electromechanical and instrument- 
product engineering departments, and 
all its laboratories. Prior to joining 
Lear, Mr. Greenlee served as chief en- 
gineer in charge of actuator and con- 
trols development for the Barber- 
Colman Co. The Grand Rapids division 
of Lear, Inc., one of the firm’s three 
operating divisions, manufactures au- 
tomatic pilots and approach systems, 
stability augmentors, stable platforms, 


| gyro indicating systems and other gyro 


instrument products. 


At the Fedders-Quigan Corp., Buffalo, 
N. Y., Robert H. Meyerhans, formerly 
chief project engineer of the room air 
conditioner division, has been appointed 
director of engineering. A graduate me- 





ROBERT H. MEYERHANS 


chanical engineer from the University 
of Alabama, Mr. Meyerhans was for- 
merly associated with the General Elec- 
tric Co. as chief project engineer on 
room air conditioners. He succeeds 


Robert W. Morgan. 


To head up its expanded research 
and development program, Granco 
Products, Inc., Long Island City, N. Y., 
has appointed Albert Benjaminson as 
chief engineer. Mr. Benjaminson’s ex- 
perience includes many phases of com- 
mercial product design of electronic 
equipment. Previous to joining Granco 
he was a senior project engineer for 
systems design at the Sperry Gyroscope 


Co., and was associated with the Pilot 
| Radio Co. as senior engineer in charge 


of high-fidelity equipment design and 
development. 


Servomechanisms, Inc., Garden City, 
N. Y., has appointed John J. Dempsey 


| as division manager of its components 


division, located at Westbury, N. Y. 
With Servomechanisms since 1947, Mr. 
Dempsey has been active in the devel- 
opment of the company’s range servo, 
angle-of-attack and air data computers, 
and has served as chief development 
engineer for the company’s eastern divi- 
sion since 1951. An electrical engineer- 
ing graduate of Rensselaer Polytechnic 
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TRUSTWORTHY 
TRANSMISSION 


For Every HF -VHF - UHF Application 


With Ki eden al 5 


QUALITY-CONTROLLED 


DUAXIAL CABLES 


Whatever your field of application ... whatever your trans- 
mission line requirement... Federal is ready to serve you. 
If the cable you need doesn’t exist, Federal will cooperate 
with you in developing and producing it in any quantity! 
Federal offers you one of the nation’s most diverse stocks 
of RG type cables—including the Federal-developed low- 
temperature, non-contaminating thermoplastic jacket. 
Quality-controlied throughout the entire manufacturing 
process, Federal cables bring trustworthy transmission to 
every electronic application ... plus top flexibility and 
superior resistance to abrasion, weathering and corrosion. 
Before you specify cable—or complete cable assemblies 
—for any general or military application, get the facts and 
figures from Federal. We have the answer or we can get it! 


MARINE 


ae 


eens Pei 






on 
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CALL ON FEDERAL... 


for cable made to your specifications. Federal 
engineers will help you with design problems... 


CALL NUtley 2-3600 









EXPERIMENTAL EQUIP- 
MENT AND SPECIAL TYPES 





Manufacturer of America’s most complete line of solid dielectric cables 


Federal Telephone and Radio Company 


A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
COMPONENTS DIVISION + 100 KINGSLAND ROAD - CLIFTON, N. J. 


In Canada: Standard Telephones and Cables Mfg. Co. (Canada) Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., New York 


JULY 1955 281 








Why 


are preferred by design 





REGOHM Regulators Sumaeesm 


7 
iT 
UHID v 


engineers for these applications 








Selenium Rectifier 
Power Supplies 


REGOHM regulates voltage of this 
selenium rectifier power supply used 
in testing aircraft equipment. De- 
spite widely varying input voltage 
of the equipment, stability problems 
are solved by REGOHM’s built-in, 
thoroughly reliable dashpot. No 
anti-hunt networks are required. 
System design is simplified. 


Motor 
Generator Sets 





REGOHM means close-tolerance volt- 
age control on motor generator sets 
up to 40KW that power machine 
tools. The regulator’s fast speed of 
response saves wear and tear when 
tools are started and stopped. 
REGOHM’s long life is measured in 
years. Its plug-in feature simplifies 
replacement by unskilled personnel. 


‘ 
. 


Check this list: 


DD Battery Chargers CD Railroad Signal 


( Airborne Equipment oe 
(CJ Portable and O oo 


Stationary Generators 
Cl Marine Radar 


OC Underwater Sound 
Systems 


(C Telephone Central 
Station Equipment 


CO Filament Regulation 
(CJ Computers 


(J Airport Lighting 
Systems 


CO Inverters 


If you find your equipment or system 
listed, or have a problem in other fields, 
contact Electric Regulator Corporation, 


V3\) 
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Aircraft 
Inverters 


REGOHM controls the frequency of 
the aircraft inverter that powers the 
B-47’s automatic fire control sys- 
tem. It withstands severe shock, vi- 
bration, temperature ranges from 
—65°C to +71°C and 50,000 foot 
altitudes. Its performance cannot be 
matched by any equipment of com- 
parable size, weight or cost. 


Infrared 
Spectrometers 





REGOHM controls current to assure 
constant radiation from infrared 
source, enhancing the accuracy of 
this infrared spectrometer. The reg- 
ulator’s characteristics, compactness 
and reliability simplify system de- 
sign. It replaces heavier, more ex- 
pensive and complex, but less ac- 
curate, equipment. 


J 


C0 Railroad Car CD Oil Field Exploration 


Lighting Systems Systems 
(CD Locomotive Braking (0 Signal and Alarm 
Systems Systems 
(CD Wire and Radio (CD Instrumentation 
Communication Systems 
Systems (CO Magnetic Clutches 
OD Air Navigational (CD Tension Control 
Systems Equipment 


(] Guided Missiles (CD Seturable Reactors 


11€ Pearl Street, Norwalk, Conn. Our 
engineers will help you design required cir- 
cuitry...recommend the proper REGOHM | 
type...calculate the resistor network... 
suggest design modifications for optimum 
performance... analyze final designs... as- 
sist in testing pre-production models... 
service your requirements. Write us today. | 


Electric Regulator Corporation 
Norwalk, Connecticut Temple 8-431] | 


| Ketay 
| Norden-Ketay Corp., Bernard Levine has 
| been advanced to the position of direc. 


Institute, Mr. Dempsey attended the 


| U.S. Navy Post Graduate School at An- 


napolis, Md.. for one year, and served 
for four years as an electronic specialist, 


Formerly engineering director of the 


Laboratories Division of the 


| tor of design and application engineer. 


ing. His duties will include responsibil- 
ity for the design and application of 





BERNARD LEVINE 


servomechanism components, sensing 
and measuring instruments, aircraft in- 
struments, computers and automatic 
control systems. Holder of an M.S. de- 
gree in electrical engineering from New 
York University, Mr. Levine is a former 
member of the Advisory Committee on 


Svnchros of the Department of Defense. 


James C. Hoiby has been appointed 
vice president in charge of engineering 
at D. W. Onan & Sons. Inc.. Minneap- 
Minn.. 


generating 


manufacturer of electric 
equipment. Formerly _ its 
chief engineer. Mr. Hoiby has been with 
Onan since 1934. As vice president he 
will be in charge of the newly reor- 


olis. 


ganized engineering division. including 
both production engineering and devel- 
opment and design, and in addition will 
supervise operations in the experimental 
and drafting departments. 


Ralph A. Lamm has been appointed 
to head up special missile development 
activities of the research laboratories 
division of the Bendix Aviation Corp. 
He will be responsible for coordinating 
guidance and control developments and 
will be stationed at headquarters of the 
Pacific division, North Hollywood, Calif. 
Prior to joining Bendix. Mr. Lamm 
served as technical director of the Naval 
Ordnance Laboratories, Corona. Calif. 
During World War II he was a staff 
member of the radiation laboratory at 
Massachusetts Institute of Technology. 
After the war he headed the missile di- 
vision at the National Bureau of Stand- 
ards. 
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KEWANEE-ROSS CORP., Div. of American Radiator & 
Standard Sanitary Corp. use SIL-FOS in making ROSS 
Heat Exchangers. Here copper shell is torch brazed 
into bronze hub — 31” around in only 5 to 6 minutes. 





FEDDERS-QUIGAN CORP., use a lot of SIL-FOS 5 in 
assembling their FEDDERS Room Air Conditioners. Here 
3 rows of return bends (40 joints) are gas-air brazed 
to condenser tubes at one time in less than 1 minute. 


HANDY & HARMAN 


rasy-Ho’ 








Yes, SIL-FOS has won the confidence and preference of 
thousands of manufacturers for joining brass, bronze, 
copper, etc. because this low-temperature silver brazing 
alloy consistently makes joints as strong as the parent metals 
— at surprising speed and low cost. 

It’s the silver content that does it—just enough silver to give 
SIL-FOS and SIL-FOS brazed joints these vital advantages: 


LOW FLOW POINT — that cuts down heating time, labor 
and cost. 


EXCEPTIONAL FLUIDITY — that assures instantaneous and 
complete penetration over the entire joint area for maxi- 
mum strength, plus liquid and gas-tightness. 


AMPLE DUCTILITY — to withstand all stresses and strains 
of vibration, shock and temperature changes the parent 
metals themselves will take. 


HIGH CONDUCTIVITY — of electricity and heat. 
HIGH RESISTANCE — to corrosion. 


BULLETIN 20 may mean 


a lot of $$$$$ for you 


It gives the SIL-FOS story in full. 
Write for a copy today. 





Full technical and practical assistance is 
always available to users and prospective 
users of SIL-FOS without obligation. 


OFFICES and PLANTS 


BRIDGEPORT, CONN, 
HANDY & HARMAN (ec: 
CHICAGO, ILL. 


CLEVELAND, OHIO 
DETROIT, MICH. 


eas General Offices: 82 Fulton St., New York 38, N.Y. LOS ANGELES, CALIF. 
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Ceramics 
Sey especially 


adapted to 
automatic 
assembly 
processes... 













Wisconsin Porcelain Com- 
pany’s manufacturing processes 
make it possible to obtain a great 
degree of accuracy on porcelain, 
refractory, steatite and filter body 
parts. 

The uniformity and toughness 
of Wisconsin ceramics give you 
a closer fit, faster assembly and 
reduced costs. 

If you are redesigning your 
product — our engineers can 
recommend the proper ceramic 
body for your needs. 

Send us a sample or blueprint 
and tell us your requirements. 
We will be glad to quote prices 
and delivery. 

Serving Electrical and Electronic 
Industries since 1919. 


WISCONSIN 
PORCELAIN (J) COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 


HIGH VOLTAGE Plastic 


&.2 Capacitors 


for 


DC Filter 
Applications 


@ Small size 
















e Extremely 
wide tem- 
perature 
range 





@ Economical 


e Durable 





Our specially designed 
- facilities, guarantee 
C faster delivery. 


(A) 10 mfd, 7500 V (D) 0.1 mfd, 30 KV [We invite inquiries on 
(B) 10 mfd, 6000 V (E) 0.5 mfd, 15 KV High Voltage Capaci- 
(C) 0.1 mfd, 20 KV (F) 0.08 mfd, 60 KV tor Design 





Ask for our complete catalog on your company letterhead 
@ Plastic Film Capacitors e High Voltage e Pulse Forming 
Power Packs Networks 


et Capacilen,..¥ 
astic | apact ee Te 


2511 W. MOFFAT STREET, CHICAGO 47, ILLINOIS 
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Company 


Briefs 





Minneapolis-Honeywell Regulator Co., 
Minneapolis, and the Raytheon Manu- 
facturing Co., Waltham, Mass., have 
entered into a joint undertaking to 
engineer and market large, high-speed 
electronic data-processing systems for 
military and industrial applications, 
The project will be carried out through 
the formation of a jointly owned corp- 
oration to be known as Datamatic Corp., 
with headquarters in Waltham. Honey- 
well will have a 60 per cent and Ray- 
theon a 40 per cent interest in the new 
corporation, which will have its own 
administrative officers and _ directors, 


Machine Tool Control Corporation, 
5141 South Telegraph Road, Dearborn, 
Mich., has been formed to design, con- 
struct and install electrical and hydrau- 
lic control circuits. Michael Oliver, 
formerly in the Manufacturing Engi- 
neering Department of the Ford Motor 
Company is the principal electrical de- 
signer in the new firm. 


Marking its second acquisition in the 
relay field within the past six months, 
Elgin National Watch Co. has acquired 
the Advance Electric & Relay Co., Bur- 
bank, Calif. This move marked the com- 
pany’s second acquisition of a relay 
manufacturer within the past year. El- 
gin began its diversification program 
into the miniature electronics field last 
October with the purchase of Neomatic, 
Inc., Los Angeles, maker of subminia- 
ture relays. Recently the firm also 
bought the American Microphone Co., 
Pasadena. 


On July 1 ownership of Continental- 
Diamond Fibre Co., Newark, Del., was 
assumed by The Budd Company, Phila- 
delphia. Continental-Diamond will be 
operated as a wholly owned subsidiary 
under its present management and with 
its present working force. 


A television antenna rotator is the 
newest product of the electronics line of 
Thompson Products, Inc., Cleveland, 
Ohio. Known as the Superotor it was 
previously manufactured by Leader 
Electronics, Inc., of Cleveland. Superotor 
is designed for television reception in 
fringe areas and in locations hampered 
by interference conditions. Other im- 
portant electronics items produced by 
Thompson include electrical power sys- 
tems and electronic controls for the new 
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PARKER 
SALES ENGINEERS 


CHICAGO 439, Ill. 

Ollie J. Berger Company e« 2059 East 72 Street 
CINCINNATI, Ohio 

William H, Broxterman * 2174 Buck Street 
DETROIT 35, Mich. 

Hodgson-Geisler Co. ¢ 18917 James Couzens 
GIRARD, Penna. 

Daniel F. Marsh ¢ 35 Chestnut Street 
KIRKWOOD 22, Mo. 

Edward F. Higgins, Jr. ¢ 102 West Adams Street 
WILTON, Conn. 

Girard L. Palmer © Belden Hill Road 
SYRACUSE, N. Y. 

J.C. Palmer e 712 State Tower Bidg. 


BELLEFONTE, Penna. 
Werren G. Olson e 420 East Linn Street 
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TIME MARCHES ON automatically - . - supported by 


PARKER DiE CASTINGS 


IBM’s fully-automatic, electric 
time recorder is a far cry from the 
old-fashioned time clock. This 
modern engineering development 
handles with ease and sureness any 
kind of work schedule, no matter 
how complex. To produce the wall 
mounting bracket shown above, 
IBM and Parker together worked 
out the design of the part. The re- 
sult: a die casting that meets every 


specification at lower total cost. 

This close co-operation from 
blue print to finished product typi- 
fies the complete engineering—as 
well as manufacturing—service of- 
fered by Parker. No matter how 
complex your die casting problem, 
Parker will be glad to help you 
find the answer. Just call the near- 
est Parker sales engineer listed at 
the left or write the factory direct. 


Parker White Metal Company e 2153 McKinley Ave., Erie, Pa. 


PARKER 





ALUMINUM and ZINC 


die castings 

















For extreme high | 
temperatures (+ 500° F) 


For extreme low 
temperatures (—160° F) 


t 


SPECIFY STALWART 
Silicone Rubber Parts 


For Silicone rubber parts that give max- 
imum performance at searing temperatures 
up to +500° F... retain their elasticity down 
to —160° F...or have the physical, chemi- 
cal and dielectric properties to resist 
chemicals...it will pay you to see 
STALWART first! From stocks com- 
ounded for specific job requirements, 
STALWART will mold, extrude, die-cut, 
lathe-cut, or mandrel-build parts 
to meet individual, S. A. E. or 
A.S.T.M. specifications. Bring 
your rubber problems to STAL- 

‘ART...specialists in the 
custom-fabrication of precision 
Silicone parts. 

For detailed information write for Catalog 51SR-1 


Og. 


TALWART RUBBER CO. 


Mfg. Plants in Bedford, Ohio and Jasper, Georgia 
Main Offices 197 Northfield Road, Bedford, Ohio 
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Boeing B-52 intercontinental bomber; 
microwave components for radar and 
communications systems; tape record- 
ers and high fidelity equipment; color 
and black and white TV cameras and 
missile guidance systems and transistors. 
These activities are being carried on not 
only in the Electronics Division, but also 
in Bell Sound Systems, Inc., Dage Tele- 
vision, Ramo-Wooldridge Corp. and Pa- 
cific Semiconductors, Inc., members of 
the Thompson Electronics family. 


Consolidated Diesel Electric Corp. has 
formed a subsidiary, Consolidated Avi- 
onics Corp., with Harry R. Glixon, for- 
merly of the Corporation of 
America, as president. The subsidiary 
will engage in the manufacture and de- 
velopment of servos, digital data reduc- 
tion, and electronic instrumentation. 


Servo 


Howell Electric Motors Co., of Howell, 
Mich., has established a new district 
office in Saginaw, Mich. R. W. Hogan 
is district manager. 


The name of The Alpha Corp. was 
changed to The Alpha Molykote Corp. 
It is located at 65 Harvard Ave., Stam- 
ford, Conn. This change in company 
name was made to reflect the primary 
activity of the company which is the 
development and manufacture of indus- 
trial lubricants known under the trade 
name Molykote. 


Insulated Circuits, Inc. (ICI), has 
moved to a new 32,000-sq ft plant in 
West Caldwell. N. J. Facilities for pro- 
totype, research and development will 
be segregated from regular production. 


The Radio Corp. of America has com- 
pleted a new 5-building center for the 
administration and engineering facilities 
for RCA consumer products and the 
RCA Service Co. It is located at Cherry 
Hill, N. J.. a suburb of Camden. Ap- 
proximately 1.400 persons are employed 
here. The buildings have a total of 
325.000 sq ft of space, roughly the 
equivalent of a conventional 35-story 
office building. 

The Cherry Hill buildings house the 
executive, administrative and engineer- 
ing staffs of the RCA Victor Television 
Division, and RCA Victor Radio and Vic- 
trola Division, and the RCA Service Co., 
Inc., which formerly were located in 
Camden and Gloucester, N. J., respec- 
tively. RCA’s Engineering Products Di- 
RCA cor- 


activities, still are main- 


well as various 


staff 


tained in downtown Camden. 


vision, as 
porate 


Synthane Corp., manufacturer and 
fabricator of thermosetting laminated 
plastics for industrial applications, is 
constructing a new wing to its plant at 
Oaks, Pa. The new structure, which 
will add 8,000 sq ft to the existing 








Reader 
Inquiry 
Facility 


Page 249 


e A regular feature in each issue, 
the Reader Inquiry Facility in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge, 


1. Additional information from 
the manufacturer on any prod- 
uct or service described in New 
Components and Materials de- 
partment in the current issue. 


2. Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Asking in each issue. 


3. Single copies of reprints of 
selected feature articles cur- 
rently listed in Feature Article 
Reprints section. 


4 Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated in the Reader Inquiry 
Facility post cards. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail- 
able without charge through the 
Reader Inquiry Facility are listed 
in “Feature Article Reprints” de- 
partment on page 255 of this issue. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including multiple reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries. 
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‘| Sile Unloader Collector Ring Brushes 


Collector ring manufactured for 

Rowell, Inc., St. Paul, Minn., 

by Magnetic Controls Co., Polytronics Div., 
Minneapolis 6, Minn. 








Ym Embedded in Epoxy Resin 


| n 
it J sies. 
< ap gt o 


Electrically powered, 
—— | | ieee this silo unloader re- 
volves over the silage surface, its long 
augured arm collecting and mixing the 
corn or grass and discharging it through 
the gooseneck. 

Central point of all this activity is the 
collector ring, an embedment of copper 
rings in BAKELITE Brand Epoxy Resins 
reinforced with glass fibers. Here is 
where power is supplied to the motor 
while the entire frame rotates. Strong and 
tough, the resin holds the rings firmly in 
place, safe from moisture, ice, and dust. 





The ring’s simple construction, 
and smooth, dependable operation in 
any weather are all important factors in 
farm equipment. They are important in 
other electrical applications, too. 

That’s why you'll find BaKELitTE 
Epoxy Resins used so widely for pot- 
ting and encapsulating. They pour as a 
liquid, cure at room or moderately ele- 
vated temperatures, have excellent di- 
electric and adhesive properties and 
resist moisture, oils, grease, chemicals, 
most acids and alkalies. Find out more 
about them by writing Dept. ]F-52. 







BAKELITE 


BRAND 


EPOXY RESINS 


BAKELITE COMPANY, A Division of Union Carbide and Carbon Corporation [4g 30 East 42nd Street, New York 17, N. Y. 
The term Bake ite and the Trefoil Symbol are registered trade-marks of UCC 
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now producing 


RELAYS, 


OT om ta cele lo 

by ordinary methods, 

the AEMCO R-95 Series 
SUB-MINIATURE Relay is 
protected during shipment 

by this unique package. Each 
Tee ol 0e <r ek a oe 
tective bubble and shipped to 
the customer in strips. Typical of 
AEMCO ingenuity, this package 
eT Lae See ek tales 


and permits rapid inventory control. 


Typical of AEMCO ingenuity, too, the 
Pe Pee Sell da Co eee 
unit from AEMCO's complete relay 
line. Others are available in a wide 
variety of spring and coil combina- 
tions, operating potentials and con- 
Trois tilt Oe Me le 
standard AEMCO relays does not ex- 
Cra Pia aes labile tt ed 1 
happy to design and manufacture a 
unit to meet your requirements. For 


ee Me a ee actual size 


AUTOMATIC ELECTRIC MANUFACTURING CO. 
60 STATE STREET . MANKATO, MINNESOTA 


plant area of 167,000 sq ft, will mark 
the eighteenth major plant expansion 
since the original factory was built in 
1929. 


Cornell-Dubilier Electric Corp. cele- 
brated its 45th Anniversary with the 
opening of a new electronics research 
laboratory and manufacturing plant in 
Los Angeles, its first on the West Coast. 
Located at 4144 Ocean Park Blvd., 
Venica, Calif., the plant will handle 
engineering, designing, and pilot runs. 

With headquarters in South Plain- 
field, N. J., Cornell-Dubilier now has 17 
wholly owned plants east of the Missis- 
sippi, in addition to its new West Coast 
facility. 


Construction of a $1.750.000 research 
building which will house the nation’s 
first private nuclear reactor for indus- 
trial research has begun at Armour Re- 
search Foundation of Illinois Institute of 
Technology. The five-floor structure will 
also house the Foundation’s electrical 
engineering and physics research de- 
partments. Construction is expected to 
be completed by April 1956. The nu- 
clear reactor is being designed and con- 
structed by North American Aviation, 
Inc. The reactor is being built under 
terms of the first construction permit 
issued by the U. S. Atomic Energy Com- 
mission for a private nuclear reactor 
designed specifically for industrial re- 
search. 

Designed for ultimate operation at 50 
kw, the reactor will be moderated and 
cooled with ordinary water, and shield- 
ed for protection with 5 ft of concrete. 
The water will be self-contained and 
independent of the city supply. 


Burroughs Corp. is constructing a new 
building near Paoli, Pa., to accommo- 
date its rapidly accelerating research 
and development program in electron- 
ics, particularly devices for the Armed 
Services. The building will have 28,500 
sq ft of floor space and will be erected 
on a newly acquired 104-acre tract. 


The name of Electric Division of the 
Stewart-Warner Corp. has been changed 
to Stewart-Warner Electronics Division. 


The Ferroxcube Corp. of America, 
North Adams, Mass., announces that the 
sale of certain of its assets to the Indiana 
Steel Products Co., Valparaiso, Ind., will 
not be consummated, as was originally 
planned. The Ferroxcube plant at Sau- 
gerties, N. Y., will continue to be oper- 
ated as a joint venture by Sprague Elec- 
tric Co. of North Adams and Philips 
Industries, Inc., of New York City, under 
Sprague management. Ferroxcube man- 
ufactures ferrite cores and ceramic per- 
manent magnet materials for electronic 
applications. 
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Why the leaders choose RESINOX* 3700 
for molding profit-making electrical parts 


Welis Man 
ufactu ars ’ 
Resinox ; ring ignition coil top molded of 


Arrow-Hart & Hegeman are making profitable use tests on Utah salt aeertormed all others in racing ¢ 
ats, ecause of Resi ar 
nox 3700 


of critical electrical parts molded of Resinox 3700 no spark pow 
in their combination starter where high er was lost at speeds up to oo 
are-resistance is a must. 
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or cross bar — 
is vita 
ate Resinox 3700 Sr ve 
- : stability. American Bosch uses this istri utor pla 
dimensional st@ . molded of Resinox 3700 where its superior arc-resistance 
is giving top performance in the field. (Part made 
for them by Specialty Insulation Mfg. Co.) 


es Resinox 3700 f 


1BM specifi 


“Check Pro 


has outstanding 


THE PREFERENCE FOR RESINOX 3700 grows every day. This thermosetting 
mineral-filled molding powder was developed by Monsanto 
for superior performance in magneto ignitions, motor control and 
| transmission circuits, and countless other electrical applications. * It combines 
high arc-resistance with outstanding dimensional stability. * It eliminates ASD 
undesirable after-shrinkage. + Its moldability 
is excellent and its impact resistance is good. « It has good transfer 
molding properties. + It offers superior heat resistance. 
For full information on Monsanto’s Resinox 3700, write today to __ Serving Industry ... 
: ‘ ee which serves mankind 
Monsanto Chemical Company, Plastics Division, 
Dept. EM-7, Springfield 2, Massachusetts. 


Foe. 
RESINOX: REG. U. S. PAT. OFF. 
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A NEW HIGH QUALITY 
WIDTHS UP TO 36 INCHES 
13 STANDARD COLORS 


When you fabricate from COLORWELD Coil you 
eliminate the difficulty and expense of finishing 
individual parts in your paint department. Pre- 
finished COLORWELD Coil is ready to be fed 
into roll forming equipment, press brakes, draw 
presses, or punch presses, with completed parts 
going directly to assembly or shipping rooms. It 
won't scratch, peel or chip during most fabrication 
stresses. Delivered in easy-to-handle coils or 
sheets, COLORWELD is available in widths rang- 
ing from Y2” to 36”, in thicknesses from .016 to 
040, slit to your width specifications. It can be 
coated on one side or two in any of thirteen stand- 
ard colors. Now hundreds of new items can be 
made better and more economically with this new, 
wider width. It will pay you to try COLORWELD 
Coil in your manufacturing operation. 


SOUTHERN STATES IRON ROOFING COMPANY 


General Sales Office P.O. Box 1159, Savannah, Georgia 





Metal Statistics 


Consumers were paying premiums for copper, as 
the London price again soared and as the outlook 
for supply availability darkened. In zinc, the price 
advanced We a lb. Good demand for aluminum 
kept that market strong throughout the month, 
The price of silver advanced and then was reduced, 
Steel outlook was bright as production in May hit 
an all-time high. 


COPPER—Consumers of copper who, a month ago, were 
hoping that the price of the metal was finally beginning to 
ease were in for a disappointment during the past month, 
[f anything, the price of copper strengthened and by mid- 
June, consumers were again paying premiums for this metal 
which merrily goes along at a price level everyone agrees 
is too high. 

The barometric pressure in copper this past month came 
mainly from London where prices again advanced, creeping 
up into the 40c and 4lec a lb level. This, despite the fact 
that the Rhodesian Selection Trust maintained its fixed price 
of 35c¢ a Ib to U.K. consumers. 

In the United States copper supplies remained tight and 
demand for copper was pressing all around. Even those plants 
that were closing down for July vacations were ordering 
copper in amounts equal to that of May and June, perhaps 
even more. The feeling seemed to be: We don’t want to get 
caught short of copper as long as we have orders to fill. 
Obviously, the producers’ price of 36c a lb was not sufficient 
in those cases where consumers could not secure copper from 
regular producing sources. Premiums were reported freely 
paid during the month. 

Meanwhile the threat of a strike in the nonferrous metal 
industry loomed. The Mine, Mill and Smelter Workers had 
set a tentative date for mid-June as a strike threat. While 
most observers believed that the strike would be settled—they 
gave the auto settlement as a guide in this respect—there was 
no doubt that hard-pressed consumers were anxiously scan- 
ning the horizon and hoping that no strike would materialize. 

In the wake of higher premiums and a stronger market 
position for primary copper, scrap copper also showed firm- 
ness, the price moving to 34c a lb, as paid by refiners for 
the scrap during mid-June. 

Copper statistics for May were a bit more encouraging. 
Domestic output of primary copper in May was 95,148 tons, 
as compared with 93,669 tons in April. Refined copper pro- 
duction in May hit 135,042 tons, as against 122,129 tons in 
April. (This was the sharpest change.) Shipments to con- 
sumers in May totaled 124,853, compared with 119,863 tons 
in April. At the end of May, stocks of copper in the hands 
of producers amounted to 43,340 tons, a gain of 581 tons. 


ZINC—The price of zinc advanced ‘4c a |b on June 16. It 
had been more or less common knowledge in the industry 
that the producers would hike their price as soon as they 
got the green light: that there would not be a strike in the 
auto industry. During the second week in June, and until 
the date of the advance, consumers were having a difficult 
time getting zinc as sellers waited for the higher price. The 
price is now 12.50c a lb f.o.b. East St. Louis. 

Demand for zinc has been pressing, particularly for the 
Special High Grade material. Consumers indicated that they 
have hardly been able to get enough of this grade of zinc 
and even Prime Western zinc has been sought after eagerly. 

Indicative of the situation in zinc is the fact that the Gov- 
ernment, when it opened bids for its stockpile in June, 
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The Carry Cool Portable Room Cooler is manufactured by the Utility Appliance 
Corp., Los Angeles, Calif. It features a 2-speed fan, 3-gal. water reservoir, 
air filter and 12” fan blade. The Carry Cool can be used to cool or exhaust 
air. The Dylene polystyrene grille is molded by the Mutual Plastic Mold Co., 


Los Angeles, Calif. 


Complex Safety Grille 
made quickly with 22 


of fast-flowing Dylene™ polystyrene 


It takes an intricate die to form this fan 
grille, and it takes a fast-flowing plastic 
to fill all 27 of the /2”-deep louvers. A 
22-0z. shot of medium impact Dylene 
polystyrene by Koppers did the job— 
quickly, economically. The attractive 
safety grille is light weight, easy-to- 
clean and impact-resistant. 

Many manufacturers reduce costs 
and add color to their products by 
using Dylene housings, knobs, grilles 
and frames. You can mold Dylene 


plastic in any shape you need. And it 
keeps its bright, shiny look because the 
color goes clear through the plastic. 
Wherever you need a material with 
high impact resistance along with bright 
colors, low water absorption, light 


-0Z. shot 


weight and easy moldability, Dylene 
polystyrene is the right choice. For 
more information about this useful 
plastic write Koppers Company, Inc., 
Chemical Division, Dept. EM-75, 
Pittsburgh 19, Pennsylvania. 
*Koppers Trademark 


SALES OFFICES: NEW YORK - 
CHICAGO 


® ATLANTA - 


BOSTON - 
- DETROIT - 


PHILADELPHIA 
HOUSTON - LOS ANGELES 
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FASTENERS 


Designed and Engineered 
for your particular application 






Delivery geared to your 
production schedule 
























Here are important advantages 
why PRESTOLE fasteners reduce 
assembly time and cost: 


1. A choice of standard fastener de- 
signs can be obtained from stock. 





2. Ability to design new fasteners 
to meet your particular needs. 


3. Four-slide equipment to produce 
varied and intricate designs made 
of various types of metals. 





4. Production flexibility to meet your 
production schedules. 


5. Spring fasteners that provide the 
ultimate in strength with minimum 
cost. 


For many years PRESTOLE has 
been serving leading manufactur- 
ers with varied types of specialized 





fasteners. This extensive back- 
ground of engineering and manu- 
facturing experience is at your 
disposal. 


Let us design and develop “‘profit- 
creating’’ fasteners for you. 





Licensed manufacturing in foreign countries. 
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received only very small offerings. In previous months zine 
producers had been only too happy to move supplies to 
the Government stockpile. 

Zinc statistics for May told a similar story. Producers’ 
stocks of unsold zinc dropped to 63,184 tons at the end of 
May, compared with 74,579 tons at the end of April. The 
stocks were at the lowest level since end of May, 1952. Pro. 
duction of all grades of zinc in May amounted to 86,159 
tons, slightly higher than the 83,763 tons produced in April, 
However, unfilled orders on producers’ books were 70,084 
tons at the close of the month, as against 65,127 tons a 
month earlier. 


LEAD—Consumers last month did not have as much difficulty 
securing this metal as did those who needed zinc. However, 
in some instances, it was admittedly becoming tougher to 
get supplies. The Government at the June stockpile buying 
did not get offers of as much lead as it had in previous months, 

However, there was no talk of higher prices and the trad- 
ing generally was effected at the 15c per lb, New York price, 
that has held for some time now. 

April figures showed higher lead shipments and a cut in 
stocks and there was some belief that this would carry 
through in May, as well. 


ALUMINUM—Market trend-spotters believe that aluminum 
demand will hold up for the second half of the year and 
that, in fact, there may be a pinch in aluminum supplies. 
At a meeting in Washington last month, spokesmen for the 
aluminum industry urged certain measures that may ease 
any expected supply tightness. They asked that the Gov- 
ernment make no call for the aluminum stockpile for the 
third quarter; that exports of aluminum scrap be sliced to 
1 million lb; that shipments for Government account due to 
be made by August 31 be extended until the end of October. 

On June 16 the Government authorized the diversion of 
200,000,000 Ib of aluminum and 3,000,000 lb of nickel from 
shipment to the national stockpile in the third quarter to 
alleviate continuing shortages of the two metals. Office of 
Defense Mobilization director Flemming said that diversion 
of aluminum to industrial users is actually a deferment and 
the Government will later acquire the metal from aluminum 
producers. He added that certain deliveries of aluminum 
scheduled for the national stockpile by August 31 have been 
postponed to October 31. It was also announced that the 
ODM has asked for speedy completion of the aluminum 
expansion study now being conducted. 

Greater use of aluminum by a number of industries, prin- 
cipally the automotive industry, was seen as one reason why 
demand may be on the uptrend. 

Shipments of aluminum products continued at a_ high 
rate in April, with sheet and plate at 115,789,734 lb and 
castings at 33,897,000 lb. 

Pricewise, however, the aluminum situation remained un- 
changed with primary ingot priced at 23.20c a lb. On the 
other hand, the secondary aluminum price, after several 
successive declines, showed signs of firming and prices for 
both secondary ingot and scrap were slightly higher. 


SILVER—The price of silver fluctuated during the past month, 
rising several times and then moving off in mid-June. For 
example, in mid-May, the price of foreign silver in N. Y. 
was quoted at 90.16c. an oz; by the end of May, it had 
advanced to 90.50c. an oz; by June 7 it had dropped to 
89.75c. and by June 13 it had declined to 89.25. 

Refined silver output in the United States in April was 
5,964,000 oz, compared with 6,340,000 oz in March. Output 
for the first four months of this year totaled 24,449,000 oz, 
a drop of 3,409,000 oz from the same period a year ago. 


TIN—In mid-June, the price of tin strengthened as a result 
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of a general strike in Singapore. Domestic consumers in the 
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How to make a Magnetic Core 


that’s really small? Use PERMENDUR! 


Write for 
your copy 


“MAGNETIC MATERIALS” 


This 32-page book contains valu- 
able data on all Allegheny Ludlum 
magnetic materials, silicon steels 
and special electrical alloys. Illus- 
trated in full color, includes essen- 
tial information on properties, 
characteristics, applications, etc. 
Your copy gladly sent free on 
request. 


ADDRESS DEPT. EM-67 


JULY 1955 


When the conditions of service 
make it imperative for you to hold 
the size and weight of magnetic 
cores at an absolute minimum, that’s 
the place to use Permendur. With 
it you ©zn push the flux density up 
to 20 kilogausses, and practically 
eliminate weight as a consideration. 

Along with its suitability for cores 
wherever the premium is laid on 
compactness, Permendur is just the 
thing for sonar magnetostriction 
applications, too. We maintain 
proper annealing facilities for this 


STEELMAKERS to the Electrical Industry 


Allegheny Ludlum 


alloy. Write for technical data on it, 
and let our engineers help you to 
cash in on its possibilities. 

In addition to Permendur, we 
offer a range of high-permeability 
alloys, oriented silicon steels and 
other electrical alloys that is un- 
matched in its completeness. Our 
services also include the most 
modern facilities for lamination 
fabrication and heat treatment. 

Let us supply your requirements. 
Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 


bars«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., » also machinery & tools 


doseph T. Ryerson & Son, Inc. 
Charlotte, N.C. « 
Milwaukee + 





Plants at: New York « Boston « 
Cincinnati e« Detroit e 


Philadelphia « Clevelend 
Pittsburgh « Buffalo « 
Spokane « 


Chicago 


St. Louis « Seattle 


Los Angeles « San Francisco e« 








NEW HANDLES 


For Hot Plate Switches 
and Similar Applications 





—At Special Low Prices! 


Smartly styled, quality made knobs, at low cost. Avail- 
able with the standard “’S” type shaft hole (.251 dia. 
flatted to .203”). Others can be supplied at nominal 
tooling charges. Samples and prices furnished on request. 


ROGAN BROTHERS 


8027 N. Monticello Ave., Skokie, Illinois 





U. S. were hesitant buyers, taking the position that they 
would rather wait out developments. The spot tin price at 
New York in mid-June was 93.625c., against 91.50c. in 
mid-May. 


MERCURY—The price of mercury has been declining, as 
supplies have become more readily available. During the 
past month, mercury dropped from a quoted range of $305. 
$306 per flask to $284-$286 a flask. Since Mexican mercury 
continued to be easily available to U. S. consumers at prices 
below the European spot price, it was generally believed 
that mercury quotations would continue on the downtrend. 


PLATINUM—A tight supply situation in platinum has 
strengthened the market for this metal. In addition, it was 
reported that there has been heavy demand for platinum 
(and palladium, as well) from the electrical and chemical 
industries. Since foreign offerings have lessened consider- 
ably, domestic prices were moved up and consumers were 
paying $75 to $80 an oz for platinum and $20-$21 
for palladium. The increases are about $1 an oz. 


an OZ 


TUNGSTEN—Consumption of tungsten concentrates increased 
111 per cent over the 4th quarter of 1954 during the Ist 
quarter of 1955. Domestic production of tungsten concen- 
trates during the lst quarter declined 5 per cent from the 
record production of the preceding quarter. There was no 
change in price at $4.39 per lb. 


MAGNESIUM—Net shipments of magnesium mill products 
during April amounted to 1,756,000 lb. This total was 10 
per cent below March shipments of 1.947.000 lb. The price 
of magnesium ingot held at 29.25c. and pig at 28.50c. per Ib. 


ANTIMONY—Smelter production of primary antimony in 
the first quarter of 1955 amounted to 2000 short tons, an 
18 per cent increase over the 1700 tons produced during 
the preceding quarter. Consumption of primary antimony 
during this period was 17 per cent above the 2,470 tons 


consumed in the fourth quarter of 1954. The price of 
antimony was quoted at 28.50c. for the R.M.M. Brand 
(9914%). 

NICKEL—On June 16, ODM authorized the release of an 
additional 3,000,000 lb of nickel from shipment to the 


stockpile, noting that industry stocks have fallen to their 
lowest level since 1952. Some 2,000,000 Ib of nickel will be 
made available for industrial consumption in July and 
another 1,000,000 lb for August and September. ODM has 
released 7,000,000 Ib of Government nickel since February. 
The shortage of nickel has been extremely acute and has 
been reflected not only in the primary metal but in nickel 
scrap as well. Prices of nickel scrap have been soaring. The 
primary nickel price was unchanged at 64.50c. a lb. 


STEEL—During the month of May, steel production broke all 
records at 10,331,000 tons. It topped the March 1953 high 
and it was only the second time in history that more than 
10 million tons of steel have been produced in a single 
month. It also gave rise to speculation that steel production 
will continue at a high rate and that fourth-quarter produc- 
tion will perhaps set a new mark. Third-quarter production, 
it is expected, may ease a bit due to vacations. 

There are several “ifs”, of course, the biggest being a 
possible steel strike. It is believed that setthement of the 
auto strike threat may provide a guide for negotiations in 
the steel industry. Most observers are betting that there 
won't be a strike. 

Operations in mid-June were at 96 per cent of capacity. 
Despite some minor adjustments, demand for bars, sheets, 
galvanized, electrical steel, etc., 
expected to hold up. 


continued strong and was 
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